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Lungenkrebs ist die vierthäufigste Erkrankung in der Bundesrepublik Deutschland. 
Jährlich sterben bundesweit mehr als 40.000 Menschen daran. Damit ist der 
Lungenkrebs eine der häufigsten Krebserkrankungen überhaupt. Allgemein 
werden Lungentumore in kleinzellige (SCLC) und nicht-kleinzellige Lungen-
karzinome (NSCLC) unterteilt, die zu unterschiedlichen Prognosen für das 
Überleben führen. Mit Hilfe transgener Tiermodelle können molekulare 
Mechanismen in der Pathogenese untersucht werden um die Entwicklung 
verbesserter Therapien vorantreiben zu können. Daher wurden im Rahmen dieser 
Doktorarbeit drei Mausmodelle des Lungenkarzinoms untersucht, welche 
entweder die Serin-/Threoninkinase c-raf, den Transkriptionsfaktor c-myc bzw. das 
Mitogen epidermal growth factor (EGF) überexprimieren. Mit Hilfe eines 
Genkonstruktes, das regulatorische Sequenzen des surfactant protein-C (SP-C) 
Promotors enthält, konnten die Transgene in alveolärepithelialen Zellen 
überexprimiert werden. Anhand zweidimensionaler Gelelektrophorese (2-DE) und 
Matrixunterstützter Laserdesorptions-/ionisations-Massenspektrometrie (MALDI-
TOF/TOF) wurden Blutseren transgener Tiere untersucht und Proteomkartierungen 
angefertigt. Neben einer allgemeinen Kartierung des Serumproteoms wurden 
Biomarker gefunden, die entweder für atypische adenomatöse Hyperplasien, 
bronchiolo-alveoläre Karzinome oder papilläre Adenokarzinome der Lunge 
spezifisch sind. Die Identifizierung von spezifischen Biomarkern ermöglicht eine 
verbesserte und frühzeitige Diagnostik sowie ein Monitoren der eingeleiteten 
Therapien. 
 
Schlagwörter: Lungenkrebs / Biomarker / Serumproteomik 







Lung cancer remains the leading cause of cancer death worldwide. In 2007, more 
than 40,000 people died from this disease in the Federal Republic of Germany 
alone. In general, lung tumors are classified as small cell (SCLC) or non-small cell 
lung carcinomas (NSCLC). Essentially, transgenic animal models are useful for an 
improved understanding of the molecular mechanisms of tumourigenesis. Here we 
investigated three transgenic mouse models where targeted overexpression of the 
serine/threonine kinase c-raf, the transcription factor c-myc or the mitogen 
epidermal growth factor (EGF) was achieved by usage of a gene construct that 
contains regulatory sequences of the surfactant protein-C (SP-C) promotor. 
Animals thus overexpressed the transgene in alveolar-epithelial cells. We analyzed 
blood serum of transgenic animals and report proteome maps developed by two-
dimensional gel-electrophoresis (2-DE) and matrix-assisted laser-desorption/ 
ionization-mass spectrometry (MALDI-TOF/TOF). We identified biomarkers that are 
specific for atypic adenomatous hyperplasia, bronchiolo-alveolar carcinomas or 
papillary adenocarcinomas of the lung. The identification of novel candidate 
biomarkers by serum proteomics enables improved diagnostic and therapeutic 
monitoring of patients. 
 
Keywords: Lung cancer / biomarkers / serum proteomics 







Lungenkrebs ist sowohl bei Männern als auch Frauen die vierthäufigste Erkrankung 
in der Bundesrepublik Deutschland. Jährlich sterben bundesweit mehr als 40.000 
Menschen daran (Statistisches Bundesamt, 2007). Damit ist der Lungenkrebs eine 
der häufigsten Krebserkrankungen überhaupt. Rauchen ist der größte Risikofaktor 
(relatives Risiko >30-fach) und in mehr als 80% aller Fälle für eine 
Tumorerkrankung verantwortlich. Weitere Risikofaktoren für eine Lungen-
tumorerkrankung sind unter anderem eine Exposition zu radioaktiven Stoffen und 
die Inhalation von Schwermetallen, Asbest und Abgasen. 
 
Lungentumore werden anhand histologischer Befunde klassifiziert und im 
Allgemeinen in kleinzellige (SCLC) und nicht-kleinzellige Lungenkarzinome 
(NSCLC) unterteilt. Neben dem Plattenepithelkarzinom und den großzelligen 
Karzinomen sind auch Adenokarzinome der Lunge zu beklagen, die weiterhin in 
verschiedene Subtypen untergliedert werden. Primär entwickeln sich 
Lungentumore aus dem respiratorischen Epithel, während alveolärepitheliale 
Adenokarzinome des Menschen eher selten sind. Neuere Daten deuten auf einen 
signifikanten Anstieg von Alveolar- und Clara Zell-Tumoren, die nach Schätzungen 
bis zu 30% aller Adenokarzinome ausmachen. Die Überlebenschancen eines 
Patienten mit einem Lungenadenokarzinom liegen bei nicht einmal 10% innerhalb 
von 5 Jahren. 
 
Die molekularen Mechanismen in der Entstehung von Lungentumoren sind unklar 
und treten sporadisch auf. Nur 12 bis 15% der tumorerkrankten Patienten können 
mit gegenwärtigen Therapieoptionen geheilt werden. Das Spektrum umfasst die 
operative Entfernung von erkranktem Gewebe sowie Strahlen- und 
Chemotherapie. In den meisten Fällen jedoch ist die Metastasierung des Tumors 
soweit im Körper fortgeschritten, dass die Heilungschancen gering sind. Zwar zeigt 
eine Chemotherapie nach erfolgtem operativem Eingriff in frühem Krankheits-
stadium eine längere Überlebensrate, doch sind die gegenwärtigen 
medikamentösen und radiologischen Behandlungen nicht ausreichend, um das 





Krebsgewebe nachhaltig zu zerstören und den letztendlich tödlichen Ausgang zu 
verhindern. 
 
Entscheidende Ansätze für ein verbessertes Verständnis der molekularen Ursachen 
liefern transgene Tiermodelle. Aufgrund ihrer mehr als 99%igen genetischen 
Ähnlichkeit zum Menschen werden Mäuse in der biomedizinischen Forschung 
routinemäßig eingesetzt. Gentechnisch veränderte Mäuse ermöglichen 
mechanistische Untersuchungen, so beispielsweise die Relevanz überexprimierter 
Onkogene oder das Abschalten von Tumorsupressorgenen in der Tumor-
entstehung. Basierend auf genetischen Untersuchungen an Patientenmaterialien 
wurden zahlreiche Mausmodelle für Lungentumore entwickelt für die Suche und 
Validierung neuer Therapien. 
 
Im Rahmen dieser Doktorarbeit wurden drei transgene Mausmodelle untersucht, 
welche entweder die Serin-/Threoninkinase c-raf, das Protoonkogen c-myc oder 
den epidermal growth factor (EGF) überexprimieren. Durch Verwendung eines 
maßgeschneiderten Genkonstruktes, das regulatorische Sequenzen des surfactant 
protein-C (SP-C) Promotors enthält, konnten die Transgene gezielt in 
alveolärepithelialen Zellen exprimiert werden. 
 
Da jeder Zelltyp in der Lage sein muss, auf extrazelluläre Signale zu reagieren, 
bedienen sich Zellen definierter Signalübertragungsketten, die häufig über die 
Aktivierung von Rezeptoren und Phosphorylierungskaskaden zu einer Zellantwort, 
beispielsweise einer veränderten Genexpression führen. Zu den am besten 
untersuchten Signalübertragungswegen gehört die Mitogen-Aktivierte Protein 
Kinase (MAPK)-Signaltransduktion (Abb. 1). Dabei kommt dem Transkriptions-
faktor c-myc eine große Bedeutung bei der Regulation von Zellzyklus und 
Apoptose zu, jedoch sind die Proteinkinase c-raf und der EGF als Ligand der EGFR 
Tyrosinkinase von besonderer Relevanz, wie etwa bei der Entstehung von 
Lungentumoren. 
 






Abb. 1: MAPK Signalübertragungskette. Der Signalweg der Mitogen-Aktivierten Protein 
Kinasen (MAPK) spielt bei der Entstehung von Lungentumoren eine übergeordnete Rolle. MAP-
Kinasen regulieren durch mitogen-vermittelte extrazelluläre Stimulation über diverse 
Phosphorylierungsschritte viele zelluläre Prozesse wie Genexpression, Mitose, Zelldifferenzierung, 
das Überleben einer Zelle oder Apoptose. Schlüsselmoleküle sind insbesondere der epidermal 
growth factor (EGF) als Ligand der membrangebundenen Rezeptortyrosinkinase epidermal growth 
factor receptor (EGFR), die Serin-/Threoninkinase c-raf (Raf1) sowie der Transkriptionsfaktor und das 
Protoonkogen c-myc. Quelle: Abgent Inc., San Diego, USA. 
 
So sind in den c-raf transgenen Mäusen morphologische Veränderungen bereits 
früh (ca. 3-4 Monate) zu erkennen, während in weiter untersuchten 
Mausmodellen transgen-spezifische Tumortypen erst nach 8-10 Monaten 
erkennbar sind. Mittels "disease proteomics" können Proteine, die 
krankheitsbedingt reguliert sind, identifiziert und näher charakterisiert werden, 
wodurch neue Erkenntnisse in der molekularen Pathogenese der Lungentumore 
gewonnen werden. 
 
Ziel der Forschungsarbeiten im Rahmen dieser Doktorarbeit war daher die 
Identifizierung von Proteinen, die in Lungentumoren exprimiert werden. Mit Hilfe 
genomweiter Genexpressionsanalysen konnten bereits zahlreiche regulierte Gene 
in Lungentumoren identifiziert werden. Deren Beitrag zur Krankheitsprogression 
wird derzeit detailliert untersucht. 
 





In der vorliegenden Doktorarbeit wird deshalb nach diagnostischen und 
krankheitsrelevanten prognostischen Biomarkern gesucht. Wesentlich ist deren 
Quantifizierbarkeit, um biologische Prozesse vorhersagen und detektieren zu 
können. Insgesamt wird weltweit nach diagnostischen Biomarkern gesucht, um 
Tumore bereits früh erfassen und optimale Therapiekonzepte entwickeln zu 
können. Der Nutzen von Biomarkern für die frühzeitige Erkennung von 
Adenokarzinomen wurde bereits in der Literatur ausführlich diskutiert. 
 
Die Proteomforschung ist somit nützlich, um neue Biomarker zu finden, durch 
beispielsweise vergleichende Untersuchungen des Serumproteoms von kranken 
und gesunden Tieren, mit dem Ziel tumorspezifische Proteine zu lokalisieren und 
sowohl deren Expression als auch Transport im Blut für diagnostische Zwecke zu 
nutzen. Der Einsatz der Methoden der Proteomforschung in klinischen 
Laboratorien ermöglicht die Identifizierung von Serummarkern für eine 
prognostische und diagnostische Klassifizierung von Krankheitsstadien, aber auch 
einen Therapieverlauf zu monitoren. 
 
Die Tumorproteome von c-raf, c-myc und EGF induzierten Adenokarzinomen der 
Lunge sind unbekannt. Mittels integrierter Methoden der Proteomforschung ist es 
jedoch möglich speziell regulierte Proteine zu finden und zu charakterisieren. 
 





Zielsetzung der Doktorarbeit 
 
Folgende Ziele wurden in dieser Doktorarbeit verfolgt: 
 
1. Proteomkartierung der Serumproteine gesunder Mäuse 
2. Proteomkartierungen des Serums der transgenen Mausmodelle SP-C/c-raf, 
SP-C/c-myc und SP-C/IgEGF 
3. Neue Erkenntnisse über die Rolle von c-raf, c-myc und EGF in der Pathogenese 
der Adenokarzinome der Lunge 
4. Aufbau einer Serumproteomdatenbank als Referenz für weiterführende 
Studien mit transgenen Mausmodellen 
5. Identifizierung, Validierung und Quantifizierung regulierter 
krankheitsassoziierter Proteine 
6. Vergleich der regulierten Proteine zwischen den genannten Tiermodellen zur 
Identifizierung sowohl universeller als auch selektiver Biomarker zur Erkennung 
unterschiedlicher Stadien der Lungentumore 





Eingesetzte Methoden in der Doktorarbeit 
 
Die Blutentnahme von transgenen Tieren erfolgte über die Vena cava. Die 
Proteinkonzentration der zu untersuchenden Serumproben wurde mittels Bradford 
Test bestimmt. Mit einem thioharnstoffhaltigen Lysepuffer (5 mol/L urea, 2 mol/L 
thiourea, 40 mmol/L Tris, 4% CHAPS, 100 mmol/L DTT und 0.5% BioLyte 3-10) 
wurden Serumproteine von transgenen und gesunden Kontrolltieren extrahiert 
und mittels zweidimensionaler Gelelektrophorese (2-DE) unter Verwendung der 
pH-Bereiche 4-7, 5-8 und 3-10 entlang ihres individuellen isoelektrischen Punkts 
und nach Molekulargewicht aufgetrennt. Nach kolloidaler Coomassie-Blaufärbung 
der 2-D Gele wurden die gefärbten Gelspots mittels elektronischer Bild-
analyseverfahren quantifiziert und statistisch signifikante Unterschiede zwischen 
gesunden und tumorerkrankten Mäusen festgestellt. Anschließend wurden diese 
Spots mit einem Spotcutter ausgeschnitten, entfärbt und tryptisch verdaut. Die 
dadurch gewonnenen Peptide einzelner Proteinspots wurden mit Hilfe der 
matrixunterstützten Laserdesorptions-/ionisations-Massenspektrometrie (MALDI-
TOF/TOF) sowie LC-Massenspektrometrie (LC-ESI-MS) identifiziert (Abb. 2). 
Proteinexpressionen wurden mittels Western Immunoblotting validiert. Des 
weiteren wurden in silico Untersuchungen von Promoterregionen mittels 
Bioinformatik durchgeführt. 
 







Abb. 2: Arbeitsablauf in der Serumproteomik. Nach Gewinnung von Blutserum aus transgenen 
Mäusen werden die Proteine mit einem Lysepuffer extrahiert und mittels zweidimensionaler 
Gelektrophorese (2-DE) aufgetrennt. Die Coomassie-gefärbten Proteinspots werden ausge-
schnitten, mit der Endopeptidase Trypsin verdaut und mit Hilfe von MALDI- oder LC-Massen-
spektrometrie analysiert. Die aufgenommenen Massenspektren werden ausgewertet, Proteine 
identifiziert, in einer Datenbank archiviert und somit Serumproteomkarten angefertigt. Parallel 
werden mittels elektronischer Bildanalyseverfahren regulierte krankheitsassoziierte Proteine 
identifiziert. Quelle (modifiziert): Chatterji B, Ritorto MS, Garaguso I, Belau E, Gazzana G, Borlak J. 









Ergebnisse aus der Publikation I: 
„Serum proteomics of lung adenocarcinomas induced by targeted 
overexpression of c-raf in alveolar epithelium identifies candidate 
biomarkers” (Chatterji B, Borlak J. Proteomics 2007, 7, 3980-3991) 
 
Im SP-C/c-raf Mausmodell wurden histopathologisch innerhalb der ersten zwei 
Lebensmonate morphologische Veränderungen der Lunge in Form einer 
atypischen adenomatösen Hyperplasie (AAH)  beobachtet. Makroskopisch waren 
erste Tumorfoci bereits nach vier Monaten sichtbar, während im Alter von zwölf 
Monaten die gesamte Lunge tumorös war (Abb. 3). Serumproteome von Früh- 
(1 Monat) und Spätstadien (12 Monate) wurden miteinander verglichen. 
Durchschnittlich wurden 400 Proteinspots pro Gel analysiert. 45 gemeinsame und 
fünf de novo exprimierte Proteine wurden in gesunden nicht-transgenen und 
transgenen Mäusen identifiziert. Neben diesen de novo exprimierten Proteinen 
waren bei einem Vergleich von Kontrolltieren mit erkrankten Tieren neun Proteine 
differenziell exprimiert. Diese Proteine werden den Familien der Serpine, 
Proteaseinhibitoren, Lipocaline, Transthyretine, Globine und Immunoglobuline 
zugeordnet. Insbesondere wurde im Serum transgener Mäuse ein signifikanter, bis 
zu 8-facher Anstieg von α-1-Antitrypsin (A1AT), α-2-Macroglobulin (A2M), 
α-Globin, Major urinary protein (MUP) und Transthyretin (TTHY) beobachtet, die 
zwar im Zusammenhang mit Lungen- oder Prostatakarzinomen bereits diskutiert 
werden; die Regulation des Vitamin D-binding protein (VTDB) in Lungentumoren 
wurde in dieser Doktorarbeit jedoch erstmalig beschrieben. 
 
a b  
  
Abb. 3: Makroskopische Darstellung von 
Lungentumoren in transgenen Mäusen. 
Im Vergleich zu einer gesunden Lunge (a, 
nach Perfusion mit PFA 4%) ist eine Lunge 
mit bronchiolo-alveolärem Karzinom nahezu 
vollständig durch tumoröses Gewebe 
durchsetzt (b). Quelle: Chatterji B, Borlak J. 
A 2-DE MALDI-TOF study to identify disease 
regulated serum proteins in lung cancer of 
c-myc transgenic mice. Proteomics 2009, 9, 
1044-1056. 





Ergebnisse aus der Publikation II: 
„A 2-DE MALDI-TOF study to identify disease regulated serum proteins in 
lung cancer of c-myc transgenic mice” (Chatterji B, Borlak J. Proteomics 
2009, 9, 1044-1056) 
 
In SP-C/c-myc transgenen Tieren wurden verschiedene Stadien der Tumor-
entwicklung beobachtet. Während sich histopathologisch früh im Alveolar-
epithelium Dysplasien zeigten, wurden nach 8-10 Monaten makroskopisch 
sichtbare, multifocale bronchiolo-alveoläre Karzinome (BAC) und nach 12-14 
Monaten papilläre Adenokarzinome (PLAC) der Lunge (Abb. 4) mit Metastasen in 
der Leber und anderen Organen beobachtet. Serumproteomanalysen von Früh- 
(3 Monate) und Spätstadien (14 Monate) führten zu einer Identifikation von 46 
unterschiedlichen Proteinen, von denen neun in beiden Stadien statistisch 
signifikant (p<0,05) reguliert waren. Orosomucoid-8, A2M, Apolipoprotein A-I 
(ApoA1), Apolipoprotein C-III (ApoC3), Glutathione peroxidase 3 (GPX3), Plasma 
retinol-binding protein (RETBP) und TTHY zeigten erhöhte Expressionen im Serum, 
während Apolipoprotein E (ApoE) in Spätstadien reprimiert war. Serum amyloid P 
component (SAP) war ausschließlich in Spätstadien transgener Mäuse exprimiert. 
Die Expression von ApoA1, RETBP, ApoE und SAP wurde mittels Western 
Immunoblotting validiert. 
 
a      b 
 
Abb. 4: Histopathologische Darstellung von Lungentumoren in SP-C/c-myc transgenen 
Mäusen. Lungentumore können anhand histopathologischer Befunde klassifiziert werden 
(Hematoxylin/Eosin-Färbung). Lunge einer gesunden Maus (a) und einer an Lungenkrebs (PLAC) 
erkrankten Maus im Alter von 14 Monaten (b). Quelle: Chatterji B, Borlak J. A 2-DE MALDI-TOF 
study to identify disease regulated serum proteins in lung cancer of c-myc transgenic mice. 
Proteomics 2009, 9, 1044-1056. 





Darüber hinaus wurde in den Promoterregionen der kodierenden Gene einiger 
krankheitsregulierter Proteine die E-Box Konsensussequenz 5’-CACGTG-3’ 
nachgewiesen, womit ein Zusammenhang mit der direkten Regulation durch den 
Transkriptionsfaktor c-myc postuliert wird. Im Vergleich zum c-raf transgenen 
Tiermodell (Publikation I) waren die Proteinexpressionen von A2M, A1AT, 
Properdin und TTHY vergleichbar. Die Expression von ApoE, ApoA1, ApoC3, 
GPX3, Orosomucoid-8, RETBP und SAP sind hingegen c-myc spezifisch. Daher sind 
die regulierten Proteine möglicherweise zur Unterscheidung von AAH und 
BAC/PLAC besonders relevant. Darüber hinaus spielt ApoE (Abb. 5) eine wichtige 
Rolle in der Apoptose. Die Regulation von ApoC3 und ApoE wurde in der 
vorliegenden Doktorarbeit erstmals für Lungentumore beschrieben. 
 
 
Abb. 5: Massenspektrum von Apolipoprotein E. Ein durch Matrixunterstützte Laserdesorptions-
/ionisations-Massenspektrometrie (MALDI-TOF) generiertes Massenspektrum, das zur Identifizierung 
(  ) des Proteins Apolipoprotein E führte. Die Abszisse bezeichnet das Masse/Ladungsverhältnis 
















Ergebnisse aus der Publikation III: 
„Search for novel serum biomarkers of dysplasia in a transgenic mouse 
model of lung cancer” (zur Publikation eingereicht) 
 
Das SP-C/IgEGF Mausmodell zeigte histopathologisch nach 12-14 Monaten 
Dysplasien im respiratorischen Epithel. Anhand der Histopathologie wurden nach 
18-20 Monaten Lungentumore beobachtet (Abb. 6). 68 Proteine einschließlich 
einiger Isoformen konnten elektrophoretisch zweidimensional aufgetrennt und 
mittels MALDI-Massenspektrometrie identifiziert werden. 13 Proteine, darunter 
Transporter, Signalmoleküle und Apolipoproteine, waren statistisch signifikant 
(p<0,05) reguliert. Western Immunoblotting einzelner Serumproteinextrakte 
transgener Tiere ermöglichte den Nachweis für eine de novo Expression von EGF 
und Amphiregulin; das sind Liganden der EGFR-Tyrosinkinase. Eine Hochregulation 
in Tieren mit Dysplasien wurde ebenfalls für A2M, ApoA1, Fetuin B, Gelsolin, 
Vacuolar protein sorting associated protein 28 homologue (VPS28) und Vitamin D-
binding protein (VTDB) beobachtet. Dagegen waren Apolipoprotein A-IV (ApoA4), 
Apolipoprotein M (ApoM), Apolipoprotein H (ApoH), A-raf, Plasminogen und TTHY 
in transgenen Mäusen reprimiert. In Spätstadien der Tumorgenese sind ebenfalls 
A2M, ApoA1, ApoA4, ApoM sowie GPX3 signifikant reguliert. Die Ergebnisse der 
2-DE konnten für ApoA1, ApoM, A-raf und TTHY ebenfalls mittels Western 
Blotting bestätigt werden. Der Vergleich mit publizierten Serumproteomstudien 
der c-raf und c-myc transgenen Tiere (Publikation I + II) zeigt, dass A2M und TTHY 
in allen drei Mausmodellen reguliert und damit als universelle Markerproteine für 
die Diagnostik von Lungentumoren von Bedeutung sind. Die Regulation der 
Apolipoproteine ApoA4 und ApoM wurde für die Entstehung von Lungentumoren 
im Rahmen dieser Doktorarbeit erstmalig beobachtet. Die Bedeutung dieser 
Proteine als Biomarkerkandidaten für die Früherkennung von Lungenkrebs ist 
daher von beträchtlichem Interesse für deren klinische Evaluierung. 






Abb. 6: Histopathologische Darstellung von gesundem und entartetem Lungengewebe. 
Gesundes Lungengewebe (a), Hyperplasien (b), Dysplasien (c), Adenokarzinome (d und e). Quelle: 
Chatterji B, Borlak J. Search for novel serum biomarkers of dysplasia in a transgenic mouse model 
of lung cancer. Submitted for publication, 2009. 
 







Die untersuchten transgenen Modelle zeigten unterschiedliche Stadien der 
Lungentumorgenese, die makroskopisch und mikroskopisch nachgewiesen 
wurden. In dieser Doktorarbeit wurden die Serumproteome der Mausmodelle 
SP-C/c-raf, SP-C/c-myc und SP-C/IgEGF erstmalig untersucht und kartiert. Mittels 
zweidimensionaler Gelelektrophorese und MALDI-MS/MS wurde basierend auf 
>25.000 In-gel Verdaus eine Proteomdatenbank mit 88 gemeinsamen 
Serumproteinen aufgebaut, die als Referenz für weitere Studien mit transgenen 
Mausmodellen dient und für die genaue Zusammensetzung ihrer Serumproteome 
aufschlussreich sein kann. 
 
Mit Hilfe softwarebasierter Bildanalyseverfahren wurden Serumproteome in Form 
von nahezu dreihundert 2-D Gelen von gesunden Kontrolltieren und transgenen 
Tieren miteinander verglichen („differential display“) und regulierte Proteinspots 
detektiert, die sich als Biomarkerkandidaten für die Erkennung von Lungen-
tumoren eignen können. Gegenwärtig sind nur wenige Biomarker zur Erkennung 
von SCLC und NSCLC bekannt, darunter CEA (carcinoembryonic antigen), CYFRA 
21-1 (cytokeratin 19 fragment), TPA (tissue polypeptide antigen), ProGRP 
(progastrin-releasing peptide), NSE (neuron-specific enolase) und Tumor M2-
pyruvate kinase. Viel diskutierte Markerproteine sind Serum amyloid A, 
haptoglobin-α 2, ApoA1 und KLKB1 (plasma kallikrein B1 fragment) [Sung HJ et al. 
BMB Rep. 2008, 41, 615-625]. 
 
Die Ergebnisse dieser Doktorarbeit liefern zum einen Hinweise für universelle 
Marker wie die Akute-Phase-Proteine TTHY und A2M, die sowohl in Früh- als auch 
Spätstadien der Lungentumorgenese, d.h. AAH bzw. BAC/PLAC reguliert waren. 
Deren Regulation wurde bereits in Patienten mit Bronchial-, Ovarial- und Prostata-
karzinomen beobachtet und ist daher krankheitsrelevant. Zum anderen wurden 
selektive Marker zur Unterscheidung von AAH und BAC/PLAC mittels 
Serumproteomik identifiziert, deren Regulation für BAC/PLAC spezifisch waren 
und bisher noch nicht berichtet wurden, darunter ApoE, ApoC3 und ApoH. Im 





Gegensatz dazu sind MUP, VTDB und EGFR, die selektiv in AAH reguliert oder de 
novo exprimiert wurden, mögliche prädiktive Marker für die Erkennung von 
Lungentumoren des Menschen. Insbesondere sind eine Reihe von Apolipo-
proteinen wie ApoM, ApoA4 und ApoE von großer klinischer Bedeutung und 
können als potenzielle Biomarker vorgeschlagen werden. 
 
Die Findung neuer Biomarker zur Erkennung von Lungentumoren sowie die 
Unterscheidung verschiedener Tumorsubtypen wurde zum Patent angemeldet 





Basierend auf den Ergebnissen dieser Doktorarbeit ist die Translation in die Klinik 
das nächste Ziel. Da die Entnahme von Patientenblut und Gewinnung von Serum 
und anderen Körperflüssigkeiten wie Sputum etc. ohne großen Aufwand 
realisierbar ist, sind klinische Studien zur Entwicklung diagnostischer Kits mit 
evidenzbasierten Biomarkern der nächste Schritt zur Früherkennung von 
Lungenkrebs des Menschen. Zudem ist eine Unterscheidung verschiedener Arten 
von Lungentumoren anhand von Serummarkern für eine gezielte Krebstherapie 
von besonderer Relevanz. Trotz gesteigerter Überlebenschancen durch 
Vorsorgeuntersuchungen von Patienten mit Bronchialkarzinomen, ließe sich mittels 
standardisierten immunologischen Bluttests auf Basis spezifischer Biomarker eine 
frühzeitige Diagnose von Tumoren stellen. Ist ein Tumor in der jeweiligen 
Krankheitsprogression nicht mehr heilbar, sind Tumormarker zudem als 
Verlaufskontrolle in der palliativen Therapie für den Patienten und den 
behandelnden Arzt von großem Nutzen. 
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We previously reported a proteome map of lung adenocarcinomas in c-raf 
transgenic mice. We now extend our initial studies to serum proteins at early stage 
(1 month) and advanced stages of tumorigenesis (12 months). Notably, serum 
proteins from wildtype and tumor bearing mice were extracted with a lysis buffer 
containing 5 mol/L urea, 2 mol/L thiourea, 40 mmol/L Tris, 4% CHAPS, 100 
mmol/L DTT, 0.5% BioLyte 3-10, separated by 2-DE and studied by image analysis. 
On average 400 protein spots per gel were excised and analyzed by MALDI-TOF 
MS. We identified 45 common and 5 uniquely expressed proteins in wildtype and 
tumor bearing mice. Apart from uniquely identified proteins we observed for n=9 
proteins differential expression when wildtype and tumor bearing mice were 
compared. This included serpins and other protease inhibitors, lipocalins, 
transthyretins, globins and immunoglobulins. Notably, we demonstrate significant 
regulation of alpha-1-antitrypsin, alpha-2-macroglobulin, hemoglobin subunit 
alpha, vitamin D-binding protein, major urinary proteins and transthyretin (up to 
8-fold) in serum of lung tumor bearing mice. Disease association of these proteins 
in human malignancies has been reported. Thus, an identification of regulated 
serum proteins in this lung cancer disease model provides excellent opportunities 
for the search of novel biomarkers. 







In 2002, an estimated 1.2 million new cases of death caused by lung cancer were 
diagnosed worldwide (American Cancer Society, 2002). Smoking is considered as 
the major risk factor and accounts for > 80% of all diagnosed cases [1]. Other risk 
factors include inhalation of radioactive compounds, heavy metals, asbestos and 
petrochemicals [2]. 
 
In general, lung tumors are classified by histological phenotypes and are divided 
into small cell lung carcinomas (SCLC) and non-small cell lung carcinomas (NSCLC). 
The latter group is further divided into adenocarcinoma, large cell carcinoma and 
squamous cell carcinoma. Notably, classification of human lung carcinomas by 
mRNA expression profiling revealed distinct subclasses of adenocarcinomas that 
might arise from bronchial, Clara and alveolar epithelium [3]. Recent data suggest 
a significant rise in alveolar malignancies and may account for as many as 30% of 
all adenocarcinomas [4]. 
 
One of the molecular causes leading to NSCLC has been linked to enhanced 
mitogen activated kinase signalling of the ras-raf cascade resulting in high capacity 
cell division and lung tumor formation [4]. Note, raf is an essential serine/threonine 
kinase constituent of the MAPK signalling pathway and a downstream effector of 
the central signal transduction mediator ras. Both, ras and raf are encoded by 
proto-oncogenes which become oncogenes when mutated. The MAPK pathway is 
dysregulated in a remarkable proportion of human malignancies through aberant 
signalling upstream of the protein and by activating mutations of the protein itself, 
both of which confer a proliferative advantage. Therapeutics targeting c-raf in 
NSCLC and SCLC have therefore been evaluated [5, 6]. 
 
We are specifically interested in the role of c-raf in lung cancer biology and 
therefore studied disease onset and progression in a transgenic mouse model [5]. 
These mice overexpress an activated form of c-raf-1, which mimics the effect of 
c-ras activation [7]. The transgene was targeted to alveolar epithelial cells through 
use of the surfactant protein C promotor (SP-C). In transgenic mice, the first 





morphological changes occurred in distinct areas of the lung within the first 2 
months. After eight to ten months the whole lung was morphologically changed 
showing typical features of lung adenocarcinomas [5]. 
 
At present, the tumor proteome of c-raf-induced lung adenocarcinomas is 
unknown. Disease proteomics, however, may provide new insights into the 
molecular events associated with lung carcinogenesis. Previous works from our 
laboratory aimed at identifying pulmonary proteins expressed in lung tissue of 
c-raf-induced lung tumors and of differentially expressed proteins for their putative 
value in diagnostics and therapy [8]. We now extend our initial findings to the 
serum proteome of c-raf transgenic mice and report de novo expression of tumor 
associated proteins and regulation of serum proteins. 
 
 
2 Materials and methods 
 
2.1 Biological material and protein extraction 
 
2.1.1 SP-C/c-raf model 
 
SP-C/c-raf transgenic lung tumor bearing mice were obtained from the laboratory 
of Prof. Ulf Rapp (University of Würzburg, Germany). A detailed description of the 
SP-C/c-raf transgenic line is given in [7] and [8]. Blood serum of tumor bearing 
mice (n=6, aged 1 month and n=15, aged 12 months) and blood serum of 
wildtype mice (n=4, aged 1 month and n=12, aged 12 months), that served as 
controls, were studied. Lung tumors arose multifocally. Starting as adenomatous 
hyperplasia (AAH), first morphological changes in distinct areas of the lung 
appeared within the first 2 months, only visible through histopathology. 
Macroscopically, tumors were visible after 4 months. For our studies we used 
1 month old mice at an early stage of tumor development, and 12 months old 
mice with advanced tumor growth. At this point (12 months) almost the entire 
lung is tumorous (see Fig. 5 for histopathology). Hematoxylin and eosin staining 





were used for histopathology of tumors. We compared expression of pulmonary 
proteins of tumor bearing with those of wildtype mice. 
 
2.1.2 Serum sample preparation 
 
Blood serum was collected from the vena cava and allowed to clot for 2 h at room 
temperature. The clotted material was removed by centrifugation at 3000 rpm for 
15 min. Hemolysis was not observed. The sera obtained from the blood samples 
were frozen immediately without any further treatment in liquid nitrogen and 
stored at -80°C until further analysis. The protein concentration of serum was 
determined by the Bradford protein assay (Protein Assay Dye Reagent Concentrate, 
Bio-Rad), using bovine gamma globulin as the standard. Extraction yields ranged 






In the first dimension, proteins were separated by IEF with precast IPG strips (pH 
3-10, non-linear gradient and pH 4-7, linear gradient; both 170x3x0.5 mm, Bio-
Rad). Of the total proteins, 1 mg was diluted in a lysis buffer (5 mol/L urea, 2 mol/L 
thiourea, 40 mmol/L Tris, 4% CHAPS, 100 mmol/L DTT, 0.5% BioLyte 3-10; 
Bio-Rad) to obtain a total volume of 350 µL per strip. Focused IPG strips were 
rehydrated at 50 V for 12 h. IEF was performed at 20°C with a maximum voltage 
of 10 kV and a maximum current of 50 µA per strip. Each sample was analyzed in 
triplicate. After IEF, IPG strips were stored at -80°C until SDS-PAGE. 
 
2.2.2 Reduction and alkylation 
 
After IEF, IPG strips were equilibrated in 10 mL reducing buffer (2% DTT in 10 mL 
equilibration buffer containing 6 mol/L urea, 30% glycerin, 2% SDS, 0.05 mol/L 





Tris-HCl, pH 8.8) for 15 min, followed by 15-min equilibration in 10 mL alkylation 




SDS-PAGE was performed in a Protean-plus DodecaTM Cell (Bio-Rad) using self-cast 
polyacrylamide gels (200 x 205 x 1.5 mm; 12% T). Gels were run in parallel in 
0.025 mol/L Tris/ 0.192 mol/L glycine/ 0.1% SDS at 10°C with a constant voltage 
of 70 V. The 2-DE standards (Bio-Rad) used for Mr and pI calibration were as 
follows: hen egg conalbumin type I (76 kDa; pI 6.0, 6.3, 6.6); BSA (66.2 kDa; pI 
5.4, 5.6); bovine muscle actin (43 kDa; pI 5.0, 5.1); rabbit muscle glyceraldehyde 
3-phosphate dehydrogenase (36 kDa; pI 8.3, 8.5); bovine carbonic anhydrase 
(31 kDa, pI 5.9, 6.0); soybean trypsin inhibitor (21.5 kDa; pI 4.5); and equine 
myoglobin (17.5 kDa; pI 7.0). 
 
2.3 Protein staining 
 
Gels were fixed overnight in 500 mL 30% ethanol/ 2% phosphoric acid, washed 
three times for 20 min each in 500 mL 2% phosphoric acid and equilibrated with 
500 mL 2% phosphoric acid/ 18% ethanol/ 15% ammonium sulfate. Colloidal 
CBB staining of proteins was initiated by addition of 6 mL staining solution (2% 
CBB G250, Roth) to 500 mL of equilibration solution. Gels were stained for 48 h 
and thereafter washed once with 500 mL water for 20 min. 
 
2.4 Image analysis 
 
Gel images were scanned with the Molecular Imager Pharos FX (Bio-Rad). Spot 
detection, quantification and comparison of 2-D protein patterns was done with 
the PDQuest 8.0 software (Bio-Rad). Background and vertical streaks were 
removed from each gel image and spots were digitized by Gaussian fit. For 
quantification a “matchset” of all gels was prepared and the absorbance of 
individual protein spots from 2-D gels was assessed. The raw quantity of each spot 





in a member gel was divided by the total intensity value of all the pixels in the 
image (i.e., total density in gel image); this normalization procedure of the 
PDQuest program assumed that the total density of an image (background density 
plus spot density) will be relatively consistent from gel to gel. After generation of 
the analysis sets, the selected spots were excised and transferred to 96-well 
microtiter plates (ABgene) by the EXQuest spot cutter (Bio-Rad). 
 
2.5 Protein identification by MALDI MS 
 
2.5.1 In-gel digestion 
 
Each of the CBB-stained gel plugs was dehydrated in 50 µL acetonitrile (ACN), 
rehydrated/washed with 50 µL ammonium hydrogencarbonate solution (50 
mmol/L) and then dehydrated with 50 µL ACN. Digestion with 20 ng/µL trypsin 
(Sequencing grade, Promega) was performed at 37°C for 4 h. Resulting peptides 
were extracted with 5 µL 1% TFA in an ultrasonic bath (Sonorex, Super RK 514 
BH, Bandelin). 
 
2.5.2 MALDI-TOF analysis 
 
Extracted peptides were spotted directly onto a 600 µm/384 well AnchorChip 
sample target (Bruker Daltonics) using the affinity preparation protocol 
recommended by the manufacturer (matrix: CHCA). The MALDI mass spectra were 
obtained using a Bruker Ultraflex II TOF/TOF mass spectrometer equipped with a 
384-sample scout source (Bruker Daltonics). An external peptide calibration 
standard containing the following fragments was used to calibrate the instrument: 
angiotensin II ([M+H]+ 1046.54); angiotensin I ([M+H]+ 1296.68); substance P 
([M+H]+ 1347.74); bombesin ([M+H]+ 1619.82); ACTH clip 1–17 ([M+H]+ 2093.09); 
ACTH clip 18–39 ([M+H]+ 2465.20); somatostatin 28 ([M+H]+ 1347.47) (Bruker 
Daltonics). Peptide masses were searched against the Swiss-Prot database 
employing the MASCOT program (in-house MASCOT-server) [9] for protein 
identification. Database searches were performed taking into account 





carbamidomethyl modification of cysteines and possible oxidation of methionine, 
and allowing one missed cleavage. A mass inaccuracy of <100 ppm was required 
for PMF. For further consideration, only those proteins were assumed to be 
identified that were annotated from corresponding spots in at least three gels with 
a MASCOT score >>53 being clearly separated from the next best match. MS/MS 
analysis was performed when necessary. Identified proteins were sent to the 




3 Results and discussion 
 
3.1  Serum proteomics of SP-C/c-raf model mice 
 
As described in the materials and methods, we used a thiourea-containing lysis 
buffer to extract proteins from serum [10, 11]. Proteins were separated within pH 
ranges of 3-10 and 4-7 and visualized with the colloidal CBB (CCB) stain. With the 
CCB stain approximately 400 spots/gel were detected. Figure 1 depicts a serum 
reference map for wildtype mice (pH 3-10). 
 
3.2 Identification of serum proteins in SP-C/c-raf mice by MS 
 
About 400 spots per gel were excised from CCB-stained gels. Protein spots from 
three parallel gels of each sample were analyzed by PMF using MALDI-TOF MS 
after tryptic in-gel digest. Identification was carried out by Swiss-Prot database 
searches with MASCOT. When needed, protein identification was confirmed by 
additional MS/MS experiments. 
 
In tumor bearing and wildtype mice, 45 common (Tab. 1) and 5 unique serum 
proteins were identified by MS and MS/MS. Our identification of serum proteins 
fits best to those of Duan et al. [12], who reported 38 unique proteins and of Wait 
et al. [13] with 28 distinct proteins (Fig. 2). Overall, we identified 24 serum 





proteins not reported by the afore-mentioned investigators. Furthermore 8 serum 
proteins identified in this study are also expressed in lung tissue as reported 
previously [8] and included A1AT4_MOUSE (spot no. 4), A1AT6_MOUSE (spot no. 
5), ACTG_MOUSE (spot no. 8), ALBU_MOUSE (spot no. 10), APOA1_MOUSE (spot 
no. 11), HBA_MOUSE (spot no. 25), TRFE_MOUSE (spot no. 41) and TTHY_MOUSE 
(spot no. 42). 
 
3.3 Differential expression of serum proteins in SP-C/c-raf transgenic 
mice 
 
Nine proteins were found to be differentially expressed (matched in >3 different 
gels) with a minimum of 2-fold regulation, whereas five proteins were found to be 
exclusively expressed (see 3.4) when extracts of wildtype and lung tumor serum 
proteomes (aged 12 months) were compared. Table 2a and 2b and Figure 3a and 
3b depict examples of differentially expressed proteins from wildtype and tumor 
bearing mice. Additionally, extracts from wildtype and tumor bearing mice at an 
age of 1 month were analyzed to compare expression between early and late 
stages of tumor development. Seven proteins were regulated in both tumor stages 
(Tab. 2a). Prominent examples are discussed below in terms of their regulation in 
human malignancies, overexpression of the c-raf kinase and regulation at different 
stages of cancerogenesis. Fig. 4 depicts a comparison of average regulation of 
these proteins between mice, aged 1 month and 12 months. 
 
Spot no. 3 and no. 5 were identified as alpha-1 antitrypsin isoforms (A1AT, 
Swiss-Prot accession no.: Q00896 and P81105; A1AT3_MOUSE and 
A1AT6_MOUSE). A1AT is a secretory glycoprotein produced mainly in the liver and 
monocytes. It is the most abundant serine protease inhibitor in human plasma. It 
predominantly inhibits neutrophil elastase and therefore prevents breakdown of 
lung tissue. The deficiency of A1AT is an inheritable disorder characterized by 
reduced serum levels of A1AT. Protease inhibitors Z (PiZ) and protease inhibitors S 
(PiS) are the most common deficient genotypes of A1AT [14]. In previous studies 
A1AT was shown to be regulated in lung cancer [15, 16, 17]. Notably, Woodworth 





et al. reported induction of the c-raf kinase in hepatocellular carcinoma along with 
overexpression of A1AT [34]. Likewise, we demonstrate overexpression of A1AT in 
tumor bearing mice at early (1 month) and advanced stages (12 months) of lung 
tumor development. 
 
Spot no. 7 was identified by PMF as alpha-2-macroglobulin (A2MG, Swiss-Prot 
accession no.: Q61838; A2MG_MOUSE) from the protease inhibitor I39 family. 
This plasma-specific protein is able to inhibit all four classes of proteinases by a 
unique “trapping” mechanism [18]. More than twenty years ago A2MG was 
reported to be a lung tumor marker being significantly increased in human tumor 
patients [19]. A2MG levels, however, were slightly increased in patients with 
pulmonary emphysema and pneumonia as well [15]. In the study of Misra and 
coworkers incubation of prostate cancer cells with A2MG caused induction of c-raf 
expression [35]. We observed a > 2-fold upregulation of this protein in tumor 
bearing mice. Note, A2MG regulation at initial stages of cancerogenesis was 
repressed or unchanged. We propose alpha-2-macroglobulin as a lung cancer 
dependent candidate biomarker for advanced stages of disease. 
 
Spot no. 25 was identified as hemoglobin subunit alpha (HBA, Swiss-Prot 
accession no.: P01942; HBA_MOUSE). This protein is one of the subunits of 
hemoglobin that belongs to the globin superfamily and is a heme-containing 
protein in the red blood cells, involved in binding and/or transporting oxygen from 
the lung to various peripheral tissues. Experiments have demonstrated that the 
expression of HBA was upregulated upon specific apoptotic stimuli like cytokine 
deprivation or cisplatin treatment in a hematopoietic pro-B cell line [20]. These 
data indicate that HBA is a new and crucial factor in apoptosis, supporting the 
mitochondrial pathway. Moreover, HBA was regulated in ovarian cancer [36]. 
Angiogenic studies with 17-DMAG, an orally bioavailable heat shock protein 90 
modulator, decreased hemoglobin levels in vivo and reduced c-raf-1 expression in 
vitro [37]. In serum of tumor bearing mice, HBA was overexpressed. 
 
Spot no. 36 was identified as a major urinary protein (MUP). MUPs belong to 





the lipocalin superfamily, bind and slowly release male-specific pheromones in 
deposited scent marks. Likewise, females also express these proteins, consistent 
with their role in encoding individual signatures in scent marks [21]. Urinary 
proteins had been used as biomarkers for lung cancer, such as pseudouridine [22]. 
In a genomics approach MUP was found to be repressed in lung adenocarcinomas 
[23]. In our study, however, MUP was upregulated in the serum of tumor bearing 
mice. Both, at early stage by 6-fold (Swiss-Prot accession no.: P11589; 
MUP2_MOUSE), and at advanced stages of tumorigenesis by > 4-fold (Swiss-Prot 
accession no.: P04938; MUP8_MOUSE). A c-raf dependent regulation of MUPs 
was not reported so far. 
 
Spot no. 42 was identified as transthyretin, also known as prealbumin (TTR, 
Swiss-Prot accession no.: P07309; TTHY_MOUSE). TTR is a regular blood protein 
which belongs to the same-named superfamily. It carries thyroid hormones, such 
as thyroxine and tri-iodothyronine from bloodstream to tissues. Furthermore 
transthyretin facilitates retinol transport through interaction with the retinol 
binding protein (RBP, spot no. 38, Swiss-Prot accession no.: P00724; 
RETBP_MOUSE). Mice lacking transthyretin expression have dramatically lower 
levels of retinol and RBP as well as cellular RBP and was shown to be associated 
with malignant transformation of ovarian surface epithelium [24, 25]. Notably, 
Zhang et al. reported a truncated form of transthyretin to be repressed in human 
patients with ovarian cancer [26] and suggests its use as a biomarker [27]. A recent 
proteomic study demonstrated, however, upregulation of transthyretin in human 
lung adenocarcinomas. In particular, the TTR monomer may be a blood marker for 
cerebrospinal fluid barrier disruption that occurs, for instance, in cerebral 
metastasis [28], but might also be regulated in carcinomas [29]. A downregulation 
of transthyretin by more than 6-fold was reported for ovarian [30] and lung cancer 
patients. We observed an initial 1.3-fold upregulation of this protein at an early 
stage of lung cancer (1 month), but a more than four-fold downregulation in 
mouse serum at advanced stages of tumor growth (12 months). The role of c-raf 
in the regulation of transthyretin is uncertain. Nonetheless, results from the 
present study and those reported by others point to TTR as an interesting 







Based on PMF, spot no. 43 was identified as vitamin D-binding protein (DBP, 
Swiss-Prot accession no.: P21614; VTDB_MOUSE) and regulated in serum of tumor 
bearing mice. This protein belongs to the ALB/AFB/VDB family and can be found in 
plasma, ascitic fluid, cerebrospinal fluid, urine and on the surface of many cell 
types. In plasma, this multifunctional protein acts as a vitamin D sterol carrier and 
binds the actin monomers, thereby preventing its polymerization. DBP associates 
with membrane-bound immunoglobulin on the surface of B-lymphocytes, 
furthermore with membrane-bound IgG Fc receptor of T-lymphocytes [31]. 
Deglycosylation of serum DBP led to immunesuppression in cancer patients [32]. 
According to Hlavaty et al. DBP may be of utility as a serum biomarker in the early 
detection of prostate cancer [33]. > 2-fold upregulation of DBP at advanced stages 
of lung cancerogenesis is a novel finding. Note, 1,25-dihydroxyvitamin D3, a 
vitamin D3 metabolite, caused activation of c-raf in human keratinocytes [38]. 
Additionally, in our studies DBP was downregulated by 1.3-fold in serum of lung 
tumor bearing mice at early stage of tumor growth (1 month). These findings 
warrant an evaluation of DBP as a candidate biomarker in cancer patients. 
 
3.4 Exclusive expression of serum proteins in SP-C/c-raf transgenic mice 
 
Notably, five proteins were found to be exclusively expressed either in wildtype or 
tumor bearing mice, aged 12 months, which are discussed below. 
 
A soluble form of the epidermal growth factor receptor (EGFR, spot no. 46, see 
Tab. 2b, Swiss-Prot accession no.: Q01279; EGFR_MOUSE) was exclusively 
identified in serum of wildtype mice. EGFR is a membrane-bound tyrosine kinase, 
but soluble forms were also found in body fluids. Binding of EGF to EGFR leads to 
dimerization and internalization of the EGFR complex. Through phosporylation of 
tyrosine residues the EGFR connects to the MAPK/ERK pathway, with c-raf as a key 
member, thereby stimulating DNA synthesis and cell proliferation. As reviewed by 
Mendelsohn et al., the EGFR is a suitable target in the drug treatment of cancers. 





EGFR is overexpressed, dysregulated or mutated in many epithelial malignancies, 
and activation of EGFR appears important in tumor growth and progression [39]. 
EGFR was proposed as a serum biomarker in breast and ovarian cancer [40]. 
Studies on human sera by Baron and coworkers demonstrated repression of sEGFR 
in ovarian cancer [41, 42, 43]. 
 
The role of serum properdin (spot no. 50, see Tab. 2b, Swiss-Prot accession no.: 
P11680; PROP_MOUSE) in tumor bearing mice was investigated by Schwartz et al. 
more than fourty years ago [44, 45]. In our studies, properdin was found 
exclusively expressed in wildtype mice. Properdin, also known as factor P, is a 
positive regulator of the alternate pathway of complement. It binds to and 
stabilizes the C3- and C5-convertase enzyme complexes. It is known that 
properdin participates in some specific immune responses. It plays a part in tissue 
inflammation as well as in the engulfing of pathogens by phagocytes. In addition, 
properdin is known to support neutralization of some viruses. As a component of 
the alternative pathway for complement activation, properdin complexes with 
another protein, C3b, to stabilize the alternative C3 convertase (C3bBb). 
 
The immunglobulin gamma-2B chain C region (spot no. 47, see Tab. 2b, Swiss-
Prot accession no.: P01867; GCBM_MOUSE) was found to be exclusively expressed 
in wildtype mice, whereas the immunglobulin J chain (spot no. 48, see Tab. 2b, 
Swiss-Prot accession no.: P01592; IGJ_MOUSE) and immunglobulin kappa chain 
V-III region MOPC 70 (spot no. 49, see Tab. 2b, Swiss-Prot accession no.: 
P01656; KV3C_MOUSE) were found exclusively expressed in tumor bearing mice. 
To the best of our knowledge, their role in lung cancer is unknown. 
 





4 Concluding remarks 
 
Based on the initial works of our laboratory [8] we now extended our 
investigations to the serum proteome of lung tumor bearing mice. Two stages of 
tumor development were studied (1 month and 12 months). Protein expression of 
tumor bearing mice was compared with those of wildtype, e.g. non-transgenic 
animals. In total, 8 proteins identified in tissue of lung tumor bearing mice were 
also identified in serum. A total of 50 proteins were identified in serum, some of 
which were specifically regulated or exclusively expressed either in tumor bearing 
or wildtype mice. The biological functions of the identified proteins associated with 
tumorigenesis are not always clear. Notably, we found alpha-1-antitrypsin (A1AT) 
and alpha-2-macroglobulin (A2MG) to be upregulated in the serum proteome of 
12 months old mice and according to literature its regulation is linked to c-raf 
overexpression [34, 35].  We extend early findings for their regulation in tissue [15, 
16]. A1AT was upregulated in 1 month old mice as well, whereas expression of 
A2MG was downregulated in 1 month old mice. Hemoglobin subunit alpha was 
upregulated in serum samples of lung tumor bearing mice (12 months) and may 
play a role in apoptosis [20]. We found major urinary proteins to be upregulated 
both, in early and late stages of tumor development. MUPs may serve as 
biomarkers for lung cancer [12, 22]. Upregulation of vitamin D-binding protein 
(DBP) in advanced stages of lung cancer is a novel finding. A role for c-raf 
activation by a vitamin D metabolite in human keratinocytes has already been 
reported [38]. We found expression of transthyretin to be upregulated in 1 month 
and repressed in 12 month old tumor bearing mice. Therefore, previously reported 
findings fit well with our results of regulated serum proteins. We thus propose 
their in-depth validation as biomarker candidates for the detection of lung 
adenocarcinomas. 







Figure 1:  2-D reference map of blood serum from wildtype mice stained 
with CBB. 
 
Figure 2: Comparison of works investigating the mouse serum 
proteome. Duan and coworkers reported 38 mouse serum proteins, 
while Wait et al. reported 28 proteins. We identified 50 proteins, 24 
of them were novel and not reported so far. 14 proteins were in 
common. 
 
Figure 3a/b:  Examples of differentially expressed serum proteins of tumor 
bearing (T) and wildtype (C) mice. Protein spots of interest are 
marked by circles and/or arrows. a: differentially expressed serum 
proteins from mice, aged 1 month. b: differentially expressed serum 
proteins from mice, aged 12 months. 
 
Figure 4: Comparison of protein expression profiles. Comparison of 
expression profiles of regulated serum proteins between lung tumor 
bearing and wildtype mice (1 month and 12 months). T/C: average 
ratio between n tumor bearing (T) and n wildtype (C) mice. T/C = 
1.0: no regulation, T/C < 1.0: proteins are downregulated in tumor 
bearing mice, T/C > 1.0: proteins are upregulated in tumor bearing 
mice. 
 
Figure 5: Histopathology of tumorigenesis in the lung of c-raf transgenic mice. 
Lung tumors arose multifocally. Starting as adenomatous hyperplasia 
(AAH), first morphological changes in distinct areas of the lung 
appeared within the first 2 months. This figure shows advanced 
stages of tumorigenesis (12 months), when almost the entire lung is 
tumorous. 







Table 1:  Protein identification in 2-DE maps of serum proteins from 
wildtype and SP-C/c-raf transgenic lung tumor bearing mice, 
identified by MALDI-MS. See supplementary table 1 for detailed 
information. 
 
Table 2a/b: Quantification of regulated proteins from 2-D gels. a: Protein 
expression profiles from tumor bearing (T) and wildtype (C) mice, 
aged 1 month. b: Protein expression profiles from tumor bearing (T) 
and wildtype (C) mice, aged 12 months. Significant differential 
expression of protein spots that were quantified from 2-D gels. 
Quantification of protein abundance was done using the PDQuest 2-
D software (Bio-Rad) by measuring the normalized OD (arbitrary 
units, AU) of each protein spot. The change in abundance of the 
proteins is expressed by the calculated ratio between average tumor 
(T) and wildtype (C) protein expression values. Exclusively expressed 
proteins are marked by T or C. 
 
Supplementary Table 1: An overview of mouse serum proteins. The Mascot 
score, the number of identified peptides, their 
sequence and the protein coverage of the best hits are 
shown for each identified protein. O@M: Abbreviation 
for oxidation at the amino acid methionine. 
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No. Protein identification Protein superfamily 
 
1 A1AG1_MOUSE Alpha-1-acid glycoprotein 1 (Orosomucoid-1) Lipocalin 
2 A1AT2_MOUSE Alpha-1-antitrypsin 1-2 Serpin 
3 A1AT3_MOUSE Alpha-1-antitrypsin 1-3 Serpin 
4 A1AT4_MOUSE Alpha-1-antitrypsin 1-4 Serpin 
5 A1AT6_MOUSE Alpha-1-antitrypsin 1-6 Serpin 
6 A2AP_MOUSE Alpha-2-antiplasmin Serpin 
7 A2MG_MOUSE Alpha-2-macroglobulin Protease inhibitor I39 
8 ACTG_MOUSE Actin, cytoplasmic 2 Gamma-actin Actin 
9 AFAM_MOUSE Afamin (Alpha-albumin) ALB/AFP/VDB 
10 ALBU_MOUSE Serum albumin ALB/AFP/VDB 
11 APOA1_MOUSE Apolipoprotein A-I Apolipoprotein A1/A4/E 
12 APOA4_MOUSE Apolipoprotein A-IV Apolipoprotein A1/A4/E 
13 APOE_MOUSE Apolipoprotein E Apolipoprotein A1/A4/E 
14 APOH_MOUSE Apolipoprotein H (Beta-2-glycoprotein 1) Complement control module/SCR domain 
15 CFAB_MOUSE Complement factor B (C3/C5 convertase) Peptidase S1 
16 CLUS_MOUSE Apolipoprotein J (Clusterin) Clusterin 
17 CPN2_MOUSE Carboxypeptidase N subunit 2   
18 ESTN_MOUSE Liver carboxylesterase N (Lung surfactant convertase) Type-B carboxylesterase/ lipase  
19 FETUA_MOUSE Fetuin A (Alpha-2-HS-glycoprotein) Fetuin 
20 FETUB_MOUSE Fetuin B  Fetuin 
21 GCB_MOUSE Ig gamma-2B chain C region secreted form Immunglobulin 
22 GELS_MOUSE Gelsolin (Brevin) Villin/gelsolin 
23 GPX3_MOUSE Glutathione peroxidase 3 Glutathione peroxidase 
24 HA10_MOUSE H-2 class I histocompatibility antigen, Q10 alpha chain MHC class 1 
25 HBA_MOUSE Hemoglobin subunit alpha (Alpha-globin) Globin 
26 HEMO_MOUSE Hemopexin Hemopexin-like domain 
27 HV51_MOUSE Ig heavy chain V region AC38 205.12 Immunglobulin 
28 IGHG1_MOUSE Ig gamma-1 chain C region secreted form Immunglobulin 
29 KAC_MOUSE Ig kappa chain C region Immunglobulin 
30 KNG1_MOUSE Kininogen-1   
31 KV3D_MOUSE Ig kappa chain V-III region 50S10.1 Immunglobulin 
32 KV5K_MOUSE Ig kappa chain V-V region HP R16.7 Immunglobulin 
33 KV5L_MOUSE Ig kappa chain V-V region HP 93G7 Immunglobulin 
34 MBL1_MOUSE Mannose-binding protein A C-type lectin like 
35 MUC_MOUSE Ig mu chain C region secreted form Immunglobulin 
36 MUP8_MOUSE Major urinary proteins 11 and 8 (MUP8) Lipocalin 
37 PLMN_MOUSE Plasminogen plasminogen/peptidase S1 
38 RETBP_MOUSE Plasma retinol-binding protein Lipocalin 
39 S6A11_MOUSE Sodium- and chloride-dependent GABA transporter 4 SNF (sodium neurotransmitter symporter) 
40 SAA4_MOUSE Serum amyloid A-4 protein SAA 
41 TRFE_MOUSE Serotransferrin Transferrin 
42 TTHY_MOUSE Transthyretin (Prealbumin) Transthyretin 
43 VTDB_MOUSE Vitamin D-binding protein (Gc-globulin) ALB/AFP/VDB 
44 VTNC_MOUSE Vitronectin Somatomedin B domain 
45 ZA2G_MOUSE Zinc-alpha-2-glycoprotein MHC class 1 
 
 































             
3 A1AT3_MOUSE 3825 3948 3698 3641 2769 2488 1562 643 281 1211 3.7 
5 A1AT6_MOUSE 2477 4772 1325 2462 2742 2644 1700 1240 2067 3606 1.3 
7 A2MG_MOUSE 2683 319 3362 3404 1452 1345 2253 5181 1723 3635 0.7 
25 HBA_MOUSE 39568 18081 4104 27938 24936 20095 32241 12354 21703 21248 1.0 
36 MUP2_MOUSE 1499 1240 47 309 1933 1326 327 300 77 41 5.7 
42 TTHY_MOUSE 36920 27522 28645 33670 34577 30648 19699 23241 28600 26460 1.3 

































            
3 A1AT3_MOUSE - 538 234 186 - - 152 - - 2.1 
5 A1AT6_MOUSE 100 68 6 654 - - - - 27 7.67 
7 A2MG_MOUSE 506 1124 610 872 655 536 219 155 469 2.18 
25 HBA_MOUSE 4990 2161 627 3176 3938 479 365 3608 2228 1.79 
















































































42 TTHY_MOUSE 111 479 84 21 50 276 417 1324 335 0.25 
43 VTDB_MOUSE 3096 2466 4026 459 4149 2375 1124 1088 878 2.08 
46 EGFR_MOUSE 
(Epidermal growth factor 
receptor) 
- - - - - 365 695 846 232 C 
47 GCBM_MOUSE 
(Ig gamma-2B chain C 
region,  membrane-
bound form) 
- - - - - 1548 1904 302 1509 C 
48 IGJ_MOUSE 
(Ig J chain) 
1156 1428 1853 766 5384 - - - - T 
49 KV3C_MOUSE 
(Ig kappa chain 
V-III region 
MOPC 70) 
478 1509 1482 2660 2911 - - - - T 
50 PROP_MOUSE 
(Properdin) 
- - - - - 400 509 887 334 C 
 





Supplementary Table 1: 




Swissprot ID Swissprot 
Accession no. 
Protein aliases Mascot score 
No. of matched peptides 
Percentual coverage 
Peptide sequences Gene Subcellular 
location 
Protein function / notes 








AVTHVGMDESEIIFVDWKK + O@M 
HGAFMLAFDLKDEK 







 Appears to function in modulating the activity of the immune system 
during the acute-phase reaction. 
2 (1621) A1AT2_MOUSE P22599 Alpha-1-antitrypsin 1-2 [Precursor] 
Serine protease inhibitor 1-2 








AVLTIDETGTEAAAATVFEAVPMSMPPILR + 2 O@M 
























Secreted Inhibitor of serine proteases. Its primary target is elastase, but it also has a 
moderate affinity for plasmin and thrombin. 
3 (2602) A1AT3_MOUSE Q00896 Alpha-1-antitrypsin 1-3 [Precursor] 
Serine protease inhibitor 1-3 




AVLTMDETGTEAAAATVLLAVPYSMPPIVR + 2 O@M 


















TLMSPLGITR + O@M 





Secreted Inhibitor of serine proteases. Its primary target is elastase, but it also has a 
moderate affinity for plasmin and thrombin. 
4 (1610) A1AT4_MOUSE Q00897 Alpha-1-antitrypsin 1-4 [Precursor] 
Serine protease inhibitor 1-4 






















TLMSPLGITR + O@M 






Secreted Inhibitor of serine proteases. Its primary target is elastase, but it also has a 
moderate affinity for plasmin and thrombin. 
 
5 (1612) A1AT6_MOUSE P81105 Alpha-1-antitrypsin 1-6 [Precursor] 
Serine protease inhibitor 1-6 














TLMSPLGITR + O@M 
TLMSPLGITRIFNNGADLSGITEENAPLK + O@M 
Spi1-6 
Dom6 
Secreted Inhibitor of serine proteases. Its primary target is elastase, but it also has a 
moderate affinity for plasmin and thrombin. 















Pli Secreted The major targets of this inhibitor are plasmin and trypsin, but it also 
inactivates chymotrypsin. 
7 (4850) A2MG_MOUSE Q61838 Alpha-2-macroglobulin [Precursor] 
Alpha-2-M 


















Secreted Is able to inhibit all four classes of proteinases by a unique ‘trapping’ 
mechanism. This protein has a peptide stretch, called the ‘bait region’ 
which contains specific cleavage sites for different proteinases. When a 
proteinase cleaves the bait region, a conformational change is induced in 
the protein which traps the proteinase. The entrapped enzyme remains 
active against low molecular weight substrates (activity against high 
molecular weight substrates is greatly reduced). Following cleavage in the 
bait region a thioester bond is hydrolyzed and mediates the covalent 
binding of the protein to the proteinase. 











Cytoplasma Cell structure and mobility proteins: actins are highly conserved proteins 
that are involved in various types of cell motility and are ubiquitously 
expressed in all eukaryotic cells. 
9 (2838) AFAM_MOUSE O89020 Afamin [Precursor] 
Alpha-albumin 























VMLDYRDR + O@M 
VYMDFLEDCCSR 
VYMDFLEDCCSR + O@M 
Afm Secreted Possible role in the transport of yet unknown ligand. 
 








































TVMDDFAQFLDTCCK + O@M 
VCLLHEK 
VCLLHEKTPVSEHVTK 






Secreted Serum albumin, the main protein of plasma, has a good binding capacity 
for water, Ca(2+), Na(+), K(+), fatty acids, hormones, bilirubin and drugs. 
Its main function is the regulation of the colloidal osmotic pressure of 
blood. 
11 (2312) APOA1_MOUSE Q00623 Apolipoprotein A-I [Precursor] 
Apo-AI 















TQLAPHSEQMR + O@M 







Apoa1 Secreted APOA1 participates in the reverse transport of cholesterol from tissues to 
the liver for excretion by promoting cholesterol efflux from tissues and by 
acting as a cofactor for the lecithin cholesterol acyltransferase. 










EKVNSFMSTLEK + O@M 
KGSPDQPQALPLPEQAQEQAQEQAQEQVQPKPLES 
LGDASTYADGVHNK 
LNHQMEGLAFQMK + 2 O@M 
LNHQMEGLAFQMKK + 2 O@M 
LQEHLKPYAVDLQDQINTQTQEMK + O@M 
LQLTPYIQR 
LVPFVVQLSGHLAKETER 
MMPHANKVTQTFGENMQK + 3 O@M 
NLAPLVEDVQSK 





TVEPMGEMFNK + 2 O@M 
VKGNTEGLQK 
VNSFMSTLEK + O@M 
VNSFMSTLEKK + O@M 
VSAKIDQLQK 
Apoa4 Secreted May have a role in chylomicrons and VLDL secretion and catabolism. 
Required for efficient activation of lipoprotein lipase by ApoC-II; potent 
activator of LCAT. Apoa-IV is a major component of HDL and 
chylomicrons. 
 
13 (3409) APOE_MOUSE P08226 Apolipoprotein E [Precursor] 














LKGWFEPIVEDMHR + O@M 
LQAEIFQAR 
QWANLMEK 
SKMEEQTQQIR + O@M 
TANLGAGAAQPLRDR 
Apoe Secreted Mediates the binding, internalization, and catabolism of lipoprotein 
particles. It can serve as a ligand for the LDL (apo B/E) receptor and for the 
specific apo-E receptor (chylomicron remnant) of hepatic tissues. 






















FTCPLTGMWPINTLR + O@M 
ICPKPDDLPFATVVPLK 
ITCPPPPVPK 
KATVLYQGMR + O@M 
KCSYTVEAHCR 
LPECLEVK 








Secreted Binds to various kinds of negatively charged substances such as heparin, 
phospholipids, and dextran sulfate. May prevent activation of the intrinsic 
blood coagulation cascade by binding to phospholipids on the surface of 
damaged cells. 



























Secreted Factor B which is part of the alternate pathway of the complement system 
is cleaved by factor D into 2 fragments: Ba and Bb. Bb, a serine protease, 
then combines with complement factor 3b to generate the C3 or C5 
convertase.  
16 (1138) CLUS_MOUSE Q06890 Clusterin [Precursor] 











HTCMKFYAR + O@M 






Secreted Not yet clear. It is known to be expressed in a variety of tissues and it 
seems to be able to bind to cells, membranes and hydrophobic proteins. It 
has been associated with programmed cell death. 
17 (1810) CPN2_MOUSE Q9DBB9 Carboxypeptidase N subunit 2 [Precursor] 
Carboxypeptidase N polypeptide 2 
Carboxypeptidase N 83 kDa chain 
Carboxypeptidase N regulatory subunit 
















Cpn2 Secreted The 83 kDa subunit binds and stabilizes the catalytic subunit at 37 degrees 
Celsius and keeps it in circulation. Under some circumstances it may be an 
allosteric modifier of the catalytic subunit. 
 





18 (1709) ESTN_MOUSE P23953 Liver carboxylesterase N [Precursor] 
EC 3.1.1.1 
PES-N 













MNEETASLLLR + O@M 
MNEETASLLLRR 
MNEETASLLLRR + O@M 










Involved in the detoxification of xenobiotics and in the activation of ester 
and amide prodrugs. Involved in the extracellular metabolism of lung 
surfactant. 















VGQPGAAGPVSPMCPGR + O@M 
Ahsg 
Fetua 
Secreted Probably involved in differentiation. 
20 (3707) FETUB_MOUSE Q9QXC1 Fetuin-B [Precursor] 





AMFHINKPR + O@M 
AMFHINKPRR + O@M 
DGYMLSLNR + O@M 
DQKDGYMLSLNR + O@M 
HVPLIQPVEK 
LVVLPFPGKEQR 
MFYESVYGQCK + O@M 
SAECPGPEKENNPLVLPP 
SQASCSLQHSDSEPVGICQGSTVQSSLR 
Fetub Secreted  















 Secreted  
22 (4825) GELS_MOUSE P13020 Gelsolin [Precursor] 
Actin-depolymerizing factor 
ADF 



















VSEARPSTMVVEHPEFLK + O@M 










Calcium-regulated, actin-modulating protein that binds to the plus (or 
barbed) ends of actin monomers or filaments, preventing monomer 
exchange (end-blocking or capping). It can promote the assembly of 
monomers into filaments (nucleation) as well as sever filaments already 
formed. 









FLVGPDGIPVMR + O@M 
MDILSYMRR + 2 O@M 
NSCPPTAELLGSPGR 
TTVSNVKMDILSYMR + 2 O@M 
YVRPGGGFVPNFQLFEK 
Gpx3 Secreted Protects cells and enzymes from oxidative damage, by catalyzing the 
reduction of hydrogen peroxide, lipid peroxides and organic 
hydroperoxide, by glutathione. 
 






APWMEQEGPEYWER + O@M 
APWMEQEGPEYWERETQR + O@M 
AYLEAECVEWLLR 















H2-Q10 Membrane Involved in the presentation of foreign antigens to the immune system. 
25 (7011) HBA_MOUSE P01942 Hemoglobin subunit alpha 








IGGHGAEYGAEALERMFASFPTTK + O@M 
LRVDPVNFK 
MFASFPTTK 
MFASFPTTK + O@M 





Extracellular Involved in oxygen transport from the lung to the various peripheral 
tissues. 



























Secreted Binds heme and transports it to the liver for breakdown and iron recovery, 
after which the free hemopexin returns to the circulation. 







   
28 (7555) IGHG1_MOUSE P01868 Ig gamma-1 chain C region secreted form 79.8 
6 
42.7 
APQVYTIPPPKEQMAK + O@M 
CRVNSAAFPAPIEK 
SNWEAGNTFTCSVLHEGLHNHHTEK 
SVSELPIMHQDWLNGKEFK + O@M 
TTPPSVYPLAPGSAAQTNSMVTLGCLVK + O@M 
VNSAAFPAPIEK 
 Secreted  
29 (5209) KAC_MOUSE P01837 Ig kappa chain C region 91.6 
6 
29.5 






   
 











CQALDMTEMAR + 2 O@M 





HLGQSLDCNANVYMRPWENK + O@M 
RPPGFSPFR 
SGNQYMLHR 









(1) Kininogens are inhibitors of thiol proteases; (2) HMW-kininogen plays 
an important role in blood coagulation by helping to position optimally 
prek allikrein and factor XI next to factor XII;  (3) HMW-kininogen inhibits 
the thrombin- and plasmin-induced aggregation of thrombocytes; (4) the 
active peptide bradykinin that is released from HMW-kininogen shows a 
variety of physiological effects: (4A) influence in smooth muscle 
contraction, (4B) induction of hypotension, (4C) natriuresis and diuresis, 
(4D) decrease in blood glucose level, (4E) it is a mediator of inflammation 
and causes (4E1) increase in vascular permeability,  (4E2) stimulation of 
nociceptors (4E3) release of other mediators of inflammation (e.g. 
prostaglandins), (4F) it has a cardioprotective effect (directly via bradykinin 
action, indirectly via endothelium-derived relaxing factor action); (5) LMW-
kininogen inhibits the aggregation of thrombocytes; (6) LMW-kininogen is 
in contrast to HMW-k ininogen not involved in blood clotting. 







FSGSGSGTDFSLNIHPMEEDDTAMYFCQQSK + 2 O@M 
FSGSGSGTDFSLNIHPMEEDDTAMYFCQQSK + O@M 
LLIYAASNQGSGVPAR 
   




DIQMTQTTSSLSASLGDR + O@M 
DIQMTQTTSSLSASLGDRVTISCR + O@M 
LLIYYTSR 
TFGGGTKLEIK 
  Anti-arsonate hybridoma protein. 





DIQMTQTTSSLSASLGDR + O@M 
DIQMTQTTSSLSASLGDRVTISCR 




  Anti-arsonate hybridoma protein. 
34 (8201) MBL1_MOUSE P39039 Mannose-binding protein A [Precursor] 
MBP-A 
Mannan-binding protein 






AIEEKLANMEAEIR + O@M 
LANMEAEIR + O@M 




Mbl1 Membrane Binds mannose and N-acetylglucosamine in a calcium-dependent manner. 
Is capable of host defense against pathogens, by activating the classical 
complement pathway independently of the antibody. 





















Igh-6 Secreted  
36 (1117) MUP8_MOUSE P04938 Major urinary proteins 11 and 8 [Fragment] 













Secreted Binds pheromones that are released from drying urine of males. These 
pheromones affect the sexual behavior of females. 
 



























SFQYHSKEQQCVIMAENSK + O@M 
SSRPEFYK 
TAVTAAGTPCQGWAAQEPHR 
TGIGNGYRGTMSR + O@M 
TICYITGWGETQGTFGAGR 
TPENFPCK 
TPENFPDAGLEMNYCR + O@M 
VEYLNNR 
VILGAHEEYIR 








Plg Secreted Plasmin dissolves the fibrin of blood clots and acts as a proteolytic factor 
in a variety of other processes including embryonic development, tissue 
remodeling, tumor invasion, and inflammation; in ovulation it weakens 
the walls of the Graafian follicle. It activates the urokinase-type 
plasminogen activator, collagenases and several complement zymogens, 
such as C1 and C5. It cleaves fibrin, fibronectin, thrombospondin, laminin 
and von Willebrand factor. Its role in tissue remodeling and tumor 
invasion may be modulated by CSPG4. 
38 (5215) RETBP_MOUSE Q00724 Plasma retinol-binding protein [Precursor] 
PRBP 

















Rbp4 Secreted Delivers retinol from the liver stores to the peripheral tissues. In plasma, 
the RBP-retinol complex interacts with transthyretin, this prevents its loss 
by filtration through the kidney glomeruli.  













Membrane Terminates the action of GABA by its high affinity sodium-dependent 
reuptake into presynaptic terminals. Can also transport beta-alanine and 
taurine. 
40 (8129) SAA4_MOUSE P31532 Serum amyloid A-4 protein [Precursor] 














Secreted Major acute phase reactant. Apolipoprotein of the HDL complex. 
 








































SCHTGVDRTAGWNIPMGMLYNR + O@M 
SKDFQLFSSPLGK 
TAGWNIPMGMLYNR 









YLGAEYMQSVGNMR + O@M 
YLGAEYMQSVGNMRK + O@M 
Tf 
Trf 
Secreted Transferrins are iron binding transport proteins which can bind two atoms 
of ferric iron in association with the binding of an anion, usually 
bicarbonate. It is responsible for the transport of iron from sites of 
absorption and heme degradation to those of storage and utilization. 
Serum transferrin may also have a further role in stimulating cell 
proliferation. 
42 (5101) TTHY_MOUSE P07309 Transthyretin [Precursor] 














Ttr Secreted Thyroid hormone-binding protein. Probably transports thyroxine from the 
bloodstream to the brain. 








CCESTSEDCMASELPEHTIK + O@M 
DLCGQSTTQAMDQYTFELSR 





HLSLLTTMSNR + O@M 
KFSSSTFEQVNQLVK 
LAQKVPTANLENVLPLAEDFTEILSR 
LQMKHLSLLTTMSNR + 2 O@M 













Gc Secreted Multifunctional protein found in plasma, ascitic fluid, cerebrospinal fluid, 
and urine and on the surface of many cell types. In plasma, it carries the 
vitamin D sterols and prevents polymerization of actin by binding its 
monomers. DBP associates with membrane-bound immunoglobulin on 
the surface of B-lymphocytes and with IgG Fc receptor on the membranes 
of T-lymphocytes. 
 


















Vitronectin is a cell adhesion and spreading factor found in serum and 
tissues. Vitronectin interact with glycosaminoglycans and proteoglycans. Is 
recognized by certain members of the integrin family and serves as a cell-
to-substrate adhesion molecule. Inhibitor of the membrane-damaging 
effect of the terminal cytolytic complement pathway. 








AYLEEECPEMLKR + O@M 
CLAYGFYPQR 







Azgp1 Secreted Stimulates lipid degradation in adipocytes and causes the extensive fat 
losses associated with some advanced cancers. 























Egfr Membrane The EGF receptor mediates the biological signal of EGF, and also of TGF-
alpha, amphiregulin, heparin-binding EGF, GP30 and vaccinia virus growth 
factor. 




















48 (1207) IGJ_MOUSE P01592 Ig J chain 88.7 
6 
62.6 
CYTTMVPLR + O@M 





Igj  Serves to link two monomer units of either IgM or IgA. In the case of IgM, 
the J chain-joined dimer is a nucleating unit for the IgM pentamer, and in 
the case of IgA it induces larger polymers. It also help to bind these 
immunoglobulins to secretory component. 






FSGSGSGTDFSLNIHPMEEDDTAMYFCQQSK + 2 O@M 
LLIYAASNQGSGVPAR 
  Bence-Jones protein 














Secreted A positive regulator of the alternate pathway of complement. It binds to 
and stabilizes the C3- and C5-convertase enzyme complexes. 
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We previously reported targeted overexpression of c-myc to alveolar epithelium to 
cause lung cancer. We now extended our studies to the serum proteome of tumor 
bearing mice. Proteins were extracted with a thiourea-containing lysis buffer and 
separated by 2-DE at pH 4-7 and 3-10 followed by MALDI-TOF/TOF analysis. Forty 
six proteins were identified in tumor bearing mice of which n=9 were statistically 
significant. This included disease regulated expression of orosomucoid-8, 
alpha-2-macroglobulin, apolipoprotein-A1, apolipoprotein-C3, glutathione 
peroxidase-3, plasma retinol-binding protein and transthyretin, while expression of 
apolipoprotein-E was decreased at late stages of disease. Moreover, serum amyloid 
P component was uniquely expressed at late stages of cancer. It is of considerable 
importance that most disease regulated proteins carried the E-Box sequence 
(CACGTG) in the promoter of the coding gene, therefore providing evidence for 
their regulation by c-myc. Notably, expression of alpha-2-macroglobulin, 
transthyretin, alpha-1-antitrypsin and properdin was in common in different lung 
tumor models, but regulation of orosomucoid-8, apolipoprotein-A1, 
apolipoprotein-C3, apolipoprotein-E, glutathione peroxidase-3, plasma retinol-
binding protein and serum amyloid P component was unique when the serum 
proteome of c-myc and c-raf tumor bearing mice were compared. Therefore, 
candidate biomarkers to differentiate between atypical adenomatous hyperplasias 
(AAH) and bronchiolo-alveolar (BAC)/papillary adenocarcinomas (PLAC) can be 
proposed. 







Lung cancer remains the leading cause of cancer death worldwide. In 2007, 
approximately 160,000 people died from lung cancer in the United States alone 
(American Cancer Society, 2007). Smoking is considered to be the primary cause 
of lung cancer and accounts for > 80% of all diagnosed cases [1]. 
 
In general, lung tumors are classified as small cell (SCLC) or non-small cell lung 
carcinomas (NSCLC). NSCLC are further divided into adenocarcinomas, large and 
squamous cell carcinomas. Subclasses of adenocarcinomas may be divided further 
in Clara and alveolar epithelial cancers [2]. Indeed, a recent study suggests alveolar 
epithelial carcinomas to be on the rise and may account for up to one third of all 
adenocarcinomas [3]. 
 
The majority of cancers are considered to be of sporadic origin, but many tumors 
display altered c-myc activity. Notably, c-myc becomes overexpressed or amplified 
in human lung cancer cells [4-15]. For instance, to determine the role of oncogene 
overexpression in NSCLC, c-myc was analyzed in surgically or endoscopically 
obtained tumor samples and samples of normal bronchopulmonary tissue taken 
from the same patients [10]. In contrast to normal tissue, there was up to 57-fold 
increase in c-myc mRNA in tumors. Furthermore, c-myc overexpression was 
significantly more prevalent in large-cell cancer than in adenocarcinoma, and 
tumor differentiation was negatively correlated with c-myc mRNA amounts. 
Recently, a study examined >150 human NSCLCs and showed that Wnt1 
overexpression was associated with tumor proliferation and poor prognosis in lung 
cancer patients [15]. Since c-myc is one of the proliferation-regulating targets of 
Wnt, its expression was analyzed as well. Indeed, the percentage of lung tumor 
cells expressing c-myc was significantly higher in Wnt-positive than in Wnt-
negative tumors. 
 
However, as early detection of disease improves overall survival, we were 
particularly interested to study disease regulated proteins. Here we report our 





efforts to identify serum biomarkers of disease in a c-myc transgenic lung cancer 
mouse model as previously reported by us [16]. 
 
Specifically, c-myc encodes a 49 kDa nuclear phosphoprotein that is classified as a 
basic helix-loop-helix/leucine zipper-type (bHLH/LZ) transcription factor. C-myc 
progresses cell cycle regulation [17] and forms a heterodimeric protein complex 
with max, another 18 kDa bHLH/LZ protein. The c-myc/max complex then 
recognizes the consensus sequence 5’-CACGTG-3’, also known as an E-box motif 
[18]. This motif is located in promoter sequences of many genes targeted by 
c-myc. Genome wide scanning by DNA microarray, SAGE and chromatin 
immunoprecipitation (ChIP) provide evidence for more than 1,000 c-myc target 
genes. Through its numerous direct and indirect targeted genes, the c-myc 
oncoprotein is linked to many cellular processes including signal transduction, DNA 
synthesis and repair, apoptosis, cell adhesion, cytoskeleton dynamics and 
regulation of ion channels [19]. As detailed above, expression and activity of c-myc 
is increased in many human malignancies either due to undue amplification of the 
reference allele or by hyperactivity of the mutated protein [20]. Nonetheless, the 
precise molecular mechanism by which c-myc influences cell growth and division in 
normal and tumorous cells remains elusive. 
 
In fact, in the United States alone more than 70.000 cancer deaths per year are 
ascribed to altered c-myc abnormalities [21]. In the past we reported targeted 
overexpression of c-myc to alveolar epithelium to result in bronchiolo-alveolar 
carcinomas (BAC) and papillary adenocarcinomas (PLAC) [16, 22]. As of today, 
disease regulated serum proteins of c-myc-induced lung adenocarcinomas are 
unknown. We therefore applied 2-DE and MALDI MS to identify candidate 
biomarkers at early and late stages of disease. We further compared our findings 
with results from a recently published serum proteome study with c-raf transgenic 
mice, which developed lung cancer as well [23]. Thus, serum biomarkers may be 
identified to differentiate amongst different lung cancer malignancies. Overall, this 
study aimed at identifying candidate disease biomarkers for the detection of lung 
cancer. 









Transgenic lung tumor bearing mice were bred and kept in the C57BL/6 
background. A detailed description of the SP-C/c-myc transgenic line is given in 
[16]. Here we refer to C57BL/6 non-transgenic littermates as controls. Fig. 1a 
depicts the SP-C/c-myc gene construct while Fig. 1b (B1, B2) displays typical 
features of the lung tumors. The mouse tumors were classified according to the 
IARC - WHO system of classification (2004) by the board certified pathologist Dr. 
Reinhard Spanel (Leipzig, Germany). Different stages of tumor development in the 
alveoli were observed. Early stages were characterized by multifocal displastic 
changes originating in the alveolar epithelium. Multifocal BAC were detected on 
average around 8-10 months. Typically animals displayed PLAC around 12-14 
months with metastatic spread to liver and other organs. Tissues were fixed in 4% 
buffered formaldehyde in PBS for approximately 20 h, dehydrated and embedded 
in paraffin (Roti-Plast TM, Roth). Tissue sections were stained with hematoxylin and 
eosin according to standard protocols. 
 
2.2 Sample preparation 
 
Blood serum of healthy aged matched controls (n=12) and of lung tumor bearing 
SP-C/c-myc mice, aged 3 (n=6) and 14 months (n=6) were studied. Blood was 
withdrawn from the vena cava. After clotting for 2 h at room temperature, the 
blood was centrifuged at 3500 rpm for 15 min. The resultant supernatants were 
removed, frozen immediately in liquid nitrogen and stored at -80°C until further 
analysis. The protein concentration in serum was determined by the Bradford 
protein assay. 
 
2.3 Two-dimensional gel-electrophoresis 
 
Each sample was analyzed in triplicate. Serum proteins were separated without 





any pre-treatment by isoelectric focusing (IEF) with precast IPG strips (pH 3-10, 
non-linear gradient and pH 4-7, linear gradient; both 170x3x0.5 mm, BioRad). 800 
µg was diluted in a lysis buffer containing 2 mol/L thiourea, 5 mol/L urea, 40 
mmol/L Tris, 4% CHAPS, 0.5% BioLyte 3-10 (BioRad), 100 mmol/L DTT [24, 25] 
resulting in a total volume of 350 µL per strip. IPG strips were rehydrated at 50 V 
for 12 h. IEF was performed at 20°C with a maximum voltage of 10 kV and a 
maximum current of 50 µA per strip. After IEF, IPG strips were equilibrated in 10 
mL reducing buffer (2% DTT in 10 mL equilibration buffer containing 6 mol/L urea, 
30% glycerin, 2% SDS, 0.05 mol/L Tris-HCl, pH 8.8 and 0.5% bromphenol blue) 
for 15 min, followed by equilibration in 10 mL alkylation buffer (4% 
iodoacetamide and 0.5% bromphenol blue in 10 mL equilibration buffer) for 15 
min [26]. SDS-PAGE was performed in a Protean-plus DodecaTM Cell (BioRad) using 
self-cast polyacrylamide gels (200 x 205 x 1.5 mm; 12% T). Gels were run in 
parallel in 0.025 mol/L Tris/ 0.192 mol/L glycine/ 0.1% SDS at 10°C with a 
constant voltage of 70 V overnight. Precision Plus Protein Unstained StandardsTM 
(BioRad) was used for calibration of Mr and pI. 
 
2.4 Staining and imaging 
 
2-D Gels were fixed overnight in 500 mL 30% ethanol/ 2% phosphoric acid and 
washed three times for 20 min each in 500 mL 2% phosphoric acid. Equilibration 
was done with 500 mL 2% phosphoric acid/ 18% ethanol/ 15% ammonium 
sulfate thereafter. Colloidal Coomassie Brilliant Blue (CBB) staining of proteins was 
started by addition of 5 mL staining solution (2% CBB G250, Roth) to 500 mL of 
equilibration solution. Staining was carried out for 48 h and thereafter washed 
once with 500 mL water for 10 min. Gels were scanned with the Perfection 4990 
PhotoTM densitometer (Epson). Detection of spots, quantification and comparison 
of 2-D protein profiles was done with the PDQuest 8.0 software (BioRad). After 
removal of background and vertical streaks from each gel image, spots were 
digitized by Gaussian fit. To quantify protein spots, a matchset of all gels was 
made and the absorbance of individual protein spots from 2-D gels was measured. 
The raw quantity of each spot in a member gel was divided by the total intensity 





value of all the pixels in the gel image, that is total density. This normalization 
procedure of the software assumed that the total density of an image, consisting 
of background and spot density will be relatively consistent from gel to gel [27]. 
The expression of serum proteins was analyzed by the Student’s t-test. A 
probability of p<0.05 was considered statistically significant (Tab. 2a and Tab. 2b). 
Graphical evaluation was performed with the SigmaPlot software (SPSS) (Fig. 3b). 
Spots were excised and transferred to 96-well microtiter plates (ABgene) by the 
EXQuestTM spot cutter (BioRad). 
 
2.5 Mass spectrometry 
 
2.5.1 In-gel digestion 
 
Each of the CBB-stained gel plugs was washed twice with 15 µL ammonium 
hydrogencarbonate solution (100 mmol/L) and then dehydrated twice with 15 µL 
acetonitrile. Proteins were digested with a total of 160 µg trypsin (13 ng/µL, 
sequencing grade, Promega) per gel plug at 37°C for 4 h. Resulting peptides were 
extracted with 8 µL n-Octyl-ß-D-glucopyranoside (5 mmol/L, Applichem)/ 1% 





The HCCA matrix was prepared with the thin layer method. 1 µL of the peptide 
extracts were manually spotted onto a 600 µm/384 well AnchorChipTM sample 
target (Bruker Daltonics) and dried at ambient temperature. Recristallization was 
performed with 1 µL of 60% ethanol/ 30% acetone/ 10% of 1% trifluoroacetic 
acid thereafter. MALDI mass spectra were recorded using an Ultraflex II TOF/TOF 
mass spectrometer (Bruker Daltonics) equipped with a 384-sample scout source. A 
peptide calibration standard (Bruker Daltonics) was used for external calibration. 
MS and MS/MS data were recorded automatically on the MALDI-TOF/TOF 
instrument using the three most abundant peptide signals of the corresponding 





peptide mass fingerprint (PMF) spectrum. Mass spectra were acquired in an 
automatic mode using the AutoXecute module of FlexControl 2.4 software (Bruker 
Daltonics). Spectra were analyzed using the FlexAnalysis 2.4 software (Bruker 
Daltonics). The Swiss-Prot database employing the Mascot 2.0 program (Matrix 
Science, in-house server) was used for the search of peptide masses to identify 
proteins [28]. Database searches were performed taking into account 
carbamidomethyl modification of cysteines and possible oxidation of methionine. 
One missed cleavage was allowed. A mass accuracy of ≤ 100 ppm was requested 
for PMF. For MS/MS searches, a mass accuracy of ≤ 70 ppm was allowed for 
peptide masses and their fragments, respectively. For further consideration, only 
those proteins were assumed to be identified that were annotated from 
corresponding spots in at least five gels. Identified proteins were sent to the 
Proteinscape TM database (Protagen) [29] and checked individually for further 
consideration. 
 
2.6 Western Blot 
 
Some disease regulated proteins were also confirmed by Western immunoblotting. 
Protein samples (50 µg) used in 2-DE were run on 12% SDS-PAGE, blotted onto 
PVDF membranes and subsequently blocked with TBS/10% RotiblockTM (Roth) for 
1 hour at room temperature. Primary antibodies (Santa Cruz) were diluted in 
blocking buffer (TBS/1% Rotiblock), added as follows: APOA1, 1:200; APOE, 
1:200; RETBP, 1:200; SAMP, 1:200. ß-Tubulin (1:200) was used as loading control. 
Anti-rabbit (APOA1, RETBP, SAMP), anti-goat (APOE) and anti-mouse (ß-Tubulin) 
HRP-conjugated IgGs were used as secondary antibodies. Rat liver total extract was 
used as positive control. Membranes were washed with TBS/0.1% Tween and 
detected with enhanced chemiluminescence (Perkin Elmer) for 60 min with a 
CF440 imager (Kodak). Fig. 4 depicts a part of the image with protein bands of 
interest cropped and marked by molecular weights. 
 





3 Results and Discussion 
 
3.1  Separation of serum proteins by 2-DE 
 
We used a thiourea-containing lysis buffer to extract proteins from serum. Proteins 
were separated within pH ranges of 3-10 and 4-7, respectively. Proteins were 
visualized with the colloidal CBB (CCB) stain. Approximately 400 (pH 3-10) and 
200 (pH 4-7) spots per gel were detected. Fig. 2a and Fig. 2b depict examples of 
serum proteome maps (pH 3-10 and 4-7) of c-myc tumor bearing mice at late 
stages of carcinogenesis (14 months). 
Notably, serum proteome profiling is challenging, because of interference by high-
abundant proteins such as albumin, antitrypsin, immunoglobulins and transferrin. 
In particular, pre-fractionation techniques such depletion of serum albumin are 
useful procedures in proteome profiling studies, but they may introduce bias as 
well. For instance, pre-fractionation increases the risk of depletion of low-
abundant proteins as it has been shown for paraneoplastic antigen MA I, 
coagulation factor VII precursor, prostate-specific antigen, as a result of multiple 
protein-protein interactions with IgG, transferrins, and/or gelsolin. To account for 
the possibilities we did not deplete high-abundant proteins. 
 
3.2 Protein identification 
 
One hundred and eight 2-D gels were stained with the CCB method and studied 
by image analysis. After excision of >12.500 protein spots tryptic digests were 
analyzed by MALDI-MS and -MS/MS. Identification was based on Swiss-Prot 
database entries with the Mascot search engine. In tumor bearing and healthy 
non-transgenic mice, 46 common serum proteins [30, 31] were identified (Tab. 1). 
In Supplementary Table 1 we list the Mascot score, sequence coverage and the 
most informative peptide sequences identified by MS and -MS/MS, respectively.  
 





3.3 Regulation of serum proteins in lung cancer 
 
Tab. 2a and 2b provide expression profiles of statistically significantly regulated 
proteins (p<0.05) in lung tumor serum proteomes. N=13 proteins were regulated 
at late stages of cancer (14 months), of which n=9 were regulated at early stages 
of tumorigenesis (3 months) as well. Fig. 3a depicts prominent examples of disease 
regulated proteins in tumor bearing mice, while Fig. 3b compares the fold-changes 
between early and late stages of tumorigenesis. Expression of selected proteins 
was also confirmed by Western blotting (Fig. 4). Differentially expressed proteins 
will be discussed later for their proven or infered association with human disease. 
Notably, their regulation by c-myc was determined by comparison of database 
entries from http://www.myccancergene.org [32] and by searching for the DNA 
consensus sequence for the E-Box motif 5’-CACGTG-3’ in the promoter regions of 
the coding gene. Overall, six regulated proteins emerged as direct c-myc targets 
(Tab. 3). These include A1AG8 (spot no. 1), alpha-1-antitrypsin 1-1 (A1AT1, spot 
no. 2), alpha-1-antitrypsin 1-6 (A1AT6, spot no. 3), alpha-2-macroglobulin (A2M, 
spot no. 4), apolipoprotein E (APOE, spot no. 12) and glutathione peroxidase 3 
(GPX3, spot no. 21). Furthermore, we compared our results with our recently 
published study on the serum proteome of c-raf transgenic mice which developed 
lung tumors as well [23]. In the following sections the biological relevance of the 
regulated proteins is described. 
 
3.3.1 Regulation of acute phase proteins in lung cancer 
 
In general, concentrations of various positive and negative regulators of acute 
phase proteins (APP) increase or decrease in response to inflammation [33]. As 
observed in serum of healthy and tumor bearing mice, seven acute phase proteins 
were regulated. We found the positive acute phase regulators, i.e. A1AG8 (spot 
no. 1), A1AT1 (spot no. 2) and A1AT6 (spot no. 3), A2M (spot no. 4-B) and serum 
amyloid P component (SAMP, spot no. 41) to be increased or exclusively expressed 
in tumor bearing mice. In contrast, the negative acute phase proteins (n-APP) 
plasma retinol-binding protein (RETBP, spot no. 40) and transthyretin (TTHY, spot 
no. 44) were upregulated (see Figures 3a, 3b and Tables 2a, 2b). 





Specifically, A2M (spot no. 4, 4-B, 4-C, 4-D) is mainly produced in the liver, but in 
the lung as well. With a molecular weight of 165 kDa, A2M represents a large 
plasma protein that consists of four identical subunits that are linked together by 
disulfide bonds. A2M acts as a proteinase inhibitor and targets serine-, cysteine-, 
aspartic- and metalloproteinases. The A2M structure includes a “decoy” region 
where such proteinases are bound and cleaved. Macrophage receptors recognize 
and eliminate the A2M-proteinase complex. For instance, it is known that A2M is 
regulated in patients diagnosed with a nephrotic syndrome as well as Alzheimer’s 
disease. A determination of serum A2M levels may thus be extended to the early 
detection and therapeutic monitoring in lung cancer [23] and in bone metastases 
of prostate cancer as reported elsewhere [34]. In a previous study the 
responsiveness of A2M to c-myc regulation was shown by Misra and coworkers 
[35]. We observed a significant (p<0.05), > 6-fold (pH 4-7) and 1.5-fold (pH 3-10) 
increase of A2M levels in serum of tumor bearing mice, aged 14 months and a 
2.7-fold change in tumor bearing mice, aged 3 months (spot no. 4-B).  
 
Furthermore, SAMP (spot no. 41), a member of the pentraxins that is produced in 
the liver, was marginally increased (p>0.05) at early stages, but exclusively 
expressed at late stages of tumorigenesis in our transgenic disease model. SAMP 
has a sequence homology of 51% with CRP (spot no. 18), a well known plasma 
APP. Although the physiological role of SAMP is not always clear, it may play a role 
in amyloidosis [36]. Recently, Korbelik and co-workers reported significant increase 
of SAMP levels in patients with liver tumors [37]. We observed exclusive expression 
of SAMP at later stages of tumorigenesis as confirmed by Western blotting (Fig. 4).  
 
We also observed regulation of TTHY, also named prealbumin (spot no. 44). This 
protein is a carrier for thyroid hormones from bloodstream to tissues. TTHY 
interacts with RETBP (spot no. 40), thus enabling retinol transportation. Lower 
levels of TTHY coincide with lower levels of retinol and RETBP, as reported for 
ovarian cancer [38, 39]. Notably, a truncated form of TTHY was found to be 
repressed in women with ovarian cancer [40]; this protein may therefore serve as a 
serum biomarker of disease [41]. A decrease in TTHY serum levels is also seen in 
negative acute phase regulation during inflammation; correspondingly its 





increased expression might be utilized as a biomarker for cancer. The TTHY 
monomer may also serve as a marker to cerebrospinal fluid barrier disruption, as 
shown in cerebral metastasis and lung cancer [42], even though it is differentially 
expressed in tumors [43]. In a recent proteomic study induction of TTHY in human 
lung adenocarcinoma patients was reported. We also observed upregulation of 
TTHY by >1.4-fold in serum of lung tumor bearing mice, alongside an 
overexpression of RETBP at early and late stages of tumorigenesis by 2.5-fold (pH 
4-7) and 5-fold (pH 3-10), respectively. 
 
3.3.2 Regulation of apolipoproteins in lung cancer 
 
We found several apolipoproteins to be regulated in tumor bearing mice. These 
proteins function primarily as lipid-binding proteins [44] to transport lipids from 
the intestine to the liver and from the liver to tissues, including adipocytes, lung, 
heart, muscle and breast tissues. As apolipoproteins are detergent-like, they 
solubilize the hydrophobic parts of lipoproteins. Additionally, they are widely 
known as receptor ligands, enzyme co-factors and lipid carriers that are involved in 
regulation of the intravascular metabolism of prior to their ultimate tissue uptake. 
The synthesis of apolipoproteins is controlled by hormones such as insulin or 
glucagon and environmental factors including alcohol and intake of drugs, such as 
fibric acids, statins or niacins. It is of considerable importance that regulation of 
subclasses of apolipoproteins are reported for a number of malignancies [45-47]. 
Here we evidence differential expression of apolipoproteins A, C, E and H at 
different stages of tumor development in c-myc transgenic mice. Their disease 
association is discussed below. 
 
Specifically, apolipoprotein A-I (APOA1, spot no. 9) belongs to the ApoA1/A4/E 
protein family and is primarily produced in the liver and the intestine. APOA1 can 
be found in the extracellular space and, being a structural component of high 
density lipid proteins (HDL), takes part in cholesterol absorption. APOA1 
upregulation is associated with breast and lung cancer as suggested elsewhere 
[48, 49]. Here we report APOA1 expression to be significantly increased by 1.8-
fold in tumor bearing mice, aged 3 months and by 1.4-fold (pH 4-7) and 2.8-fold 





(pH 3-10) in tumor bearing mice, aged 14 months. 
 
Spot no. 11 was identified as apolipoprotein C3 (APOC3) which is produced in 
the liver. This protein inhibits the lipoprotein and hepatic lipase and represses the 
uptake of lymph chylomicrons by hepatic cells. Thus, APOC3 may repress the 
catabolism of triglyceride-rich particles. Upregulation of APOC3 was demonstrated 
in a chronic renal failure model [50] and in diabetes [51], but regulation of APOC3 
in lung cancer was not reported so far. Serum levels of APOC3 were increased 
already at early stages of cancerogenesis by 2.3-fold and still increased by 2.7-fold 
(pH 4-7) and 1.7-fold (pH 3-10) in lung tumor bearing mice, aged 14 months.  
 
APOE (spot no. 12) is a mediator for binding, internalizing and metabolism of 
lipoprotein particles. It serves as a ligand for the low density lipoprotein (LDL) 
receptor and for the APOE receptor (chylomicron remnant) of hepatic tissues. 
APOE expression was marginally induced (p<0.05) in serum of tumor bearing mice, 
aged 3 months, but reduced in tumor bearing mice, aged 14 months, by 1.6-fold 
(pH 4-7) and 1.2-fold (pH 3-10), respectively. Regulation of APOE was reported for 
human hepatocellular [52], colorectal [53] and pancreatic carcinoma [54]. Its 
regulation in lung cancer is novel and was not reported so far. Notably, APOE is 
reported to modulate clearance of apoptotic bodies in vitro and in vivo [55] and 
therefore may play a role in various pathologies. In silico, we identified an E-Box 
motif in the promoter region of the APOE gene therefore suggesting APOE to be a 
direct target of c-myc. 
 
Additionally, apolipoprotein H, also named as beta-2 glycoprotein-1 (APOH, spot 
no. 13) binds to various kinds of negatively charged substances such as heparin, 
phospholipids and dextran sulfate. Through binding to phospholipids on the 
surface of damaged cells, APOH may inhibit activation of the intrinsic blood 
coagulation cascade. APOH is synthesized in the liver and secreted into plasma. As 
reported by others, APOH induction may be involved in blocking angiogenic 
processes in bladder cancer [56]. APOH expression was induced in sera of lung 
tumor bearing mice by 1.4-fold (pH 4-7) and 1.7-fold (pH 3-10) at late stages of 





lung cancer while its expression was unchanged at early stages. 
 
3.3.3 Oxidative defense and complement activation in lung cancer 
 
GPX3 (spot no. 21) functions in response to oxidative damage by catalyzing the 
reduction of hydrogen peroxide, lipid peroxides and organic hydroperoxide. 
Induction of GPX3 expression was observed in ovarian cancer [57] and diabetes 
[58]. We observed an initial upregulation of GPX3 in serum of lung tumor bearing 
mice, aged 3 months, by 1.7-fold, followed by an increase in transgenic mice, 
aged 14 months, by > 10-fold. Note, the E-Box motif “CACGTG” in the promoter 
region of the GPX3 gene makes this gene a likely target for c-myc. 
 
Furthermore, properdin (PROP, spot no. 39), also known as factor P, is a serum 
glycoprotein and positive regulator of the alternate pathway for complement 
activation. It binds to and stabilizes the C3- and C5-convertase enzyme complexes. 
Complement C3 (CO3, spot no. 17) was not regulated in tumor bearing mice 
whereas PROP expression was increased by 1.5-fold at late stages of tumorigenesis 
only. PROP plays a role in some specific immune responses and in tissue 
inflammation. It is known that PROP is involved in engulfing of pathogenes by 
phagocytes thereby helping to neutralize some viruses, such as the influenza virus 
[59, 60]. 
 
3.4 Disease associated regulation of serum proteins in c-myc and c-raf 
transgenic mouse models of lung cancer 
 
We recently reported the serum proteome mapping of c-raf transgenic mice which 
developed lung cancer through targeted overexpression of the serine/threonine 
kinase to alveolar epithelium [23]. Because of distinct differences in the lung tumor 
pathologies, i.e. AAH versus BAC and PLAC we wished to compare regulation of 
serum proteins in c-myc and c-raf transgenic mice. Strikingly, our data are highly 
suggestive for candidate serum biomarkers that enable differentiation between 
AAH and BAC as observed in these two different transgenic disease models. 





Table 3 gives an overview of our findings. Notably, A1AT6, A2M, TTHY and PROP 
were commonly regulated in c-myc and c-raf transgenic mice and thus may serve 
as general serum biomarkers of disease. In c-myc transgenic mice apolipoproteins, 
RETBP or SAMP were exclusively associated with BAC. Likewise, the regulation of 
major urinary proteins (MUP), vitamin D-binding protein (VTDB, spot no. 45) or a 
soluble form of the epidermal growth factor receptor (EGFR) was uniquely 
associated with AAH in c-raf transgenic mice. 
 







Based on our previous work on the SP-C/c-myc transgenic mouse model [16] we 
now report disease regulated serum proteins at early and advanced stages of lung 
cancer. Some of the identified proteins are acute phase reactants (APP) and were 
either differentially regulated or exclusively expressed in lung cancer bearing mice, 
as shown for A1AG8, A1AT1, A1AT6, A2M, SAMP, RETBP and TTHY. For some of 
the identified proteins A2M and APOA1 regulation in lung cancer has been 
reported [49], while disease regulation of APOE is novel and may play a much 
broader role in cancer [55]. Additionally, we observed disease associated 
regulation of APOH which has been linked to angiogenesis as well [56]. We also 
report GPX3, PROP and TTHY to be upregulated in tumor bearing mice, some of 
which are direct c-myc targets such as GPX3. This antioxidant was shown to be 
regulated in ovarian cancer as well [57] while an identification of PROP may be in 
response to tumor associated inflammation. Finally, increased TTHY serum levels 
observed in tumor bearing mice was also reported for human lung cancer patients 
[42]. While a number of differentially expressed proteins display the E-Box binding 
sites in the promoters of the coding gene, i.e. A1AG8, A2M, APOE and GPX3, 
their regulation as a consequence of altered c-myc activity remains elusive. 
Notably, decreased expression of GPX was shown in another c-myc transgenic 
mouse model [61], but further investigations are needed to determine the c-myc 
regulation of the herein described regulated proteins. Some of the disease 
regulated proteins are not direct targets of the c-myc transcription factor, i.e. 
several apolipoproteins, such as PROP, RETBP, SAMP and TTHY. Based on two 
different models of lung cancer we propose serum candidate biomarkers to 
differentiate between atypical adenomatous hyperplasia (AAH) and bronchiolo-
alveolar (BAC)/papillary adenocarcinomas (PLAC) at early stages of disease. 









Gene construct of the SP-C/c-myc transgenic mouse model as reported by 




Histology of a lung of a healthy (A1) and a tumor bearing (B1) SP-C/c-myc 
transgenic mouse, aged 14 months. Hematoxylin and eosin staining was used for 
histopathology of tumors. A2 and B2: macroscopical views of lungs of healthy and 




2-DE serum proteome map of lung tumor bearing SP-C/c-myc transgenic mice (14 




2-DE serum proteome map of lung tumor bearing SP-C/c-myc transgenic mice (14 




Examples of regulated serum proteins at different stages of tumorigenesis (3 
months and 14 months) in SP-C/c-myc transgenic (T) and healthy (C) mice. Protein 
spots of interest are marked by circles. 
 







Comparison of fold-changes of disease regulated proteins between two stages of 




Western Blot analysis of some disease regulated proteins. Notably, serum amyloid 
P component (SAMP, spot no. 41) was exclusively expressed in SP-C/c-myc lung 
tumor bearing mice at late stages of tumorigenesis (14 months). ß-Tubulin 







Protein identification in 2-DE maps of mouse serum proteins including healthy and 
lung tumor bearing mice, identified by MALDI MS/MS. A total of 46 proteins were 
identified. PI and M
r
 are based on the theoretical values of the precursor. Sequence 
coverage and no. of matched peptides: The value from one typical spot was given 
if many spots were assigned as one number (protein). Protein identification was 
based on PMF and PFF. See Supplementary Table 1 for detailed information. 
 
Table 2a and 2b: 
 
Expression profiles of significantly regulated proteins (p<0.05) from 2-D gels of 
tumor bearing mice, aged 3 months (pH 3-10) and tumor bearing mice, aged 14 
months (pH 4-7 and pH 3-10). Quantification of protein abundance was done 
using the PDQuest 2-D software (BioRad) by measurement of the normalized 
optical density (arbitrary units, AU) of each protein spot. The change in abundance 
of the proteins is expressed by the calculated ratio (T/C) between mean values 





from tumor (T) and healthy (C) samples. %RSD: percental relative standard 
deviation. Spot no. 41 (SAMP) is exclusively expressed in tumor bearing mice. 




Commonly and specifically regulated proteins in adenomatous hyperplasia (AAH) 
and bronchiolo-alveolar adenocarcinomas (BAC). Recently, AAH was studied in SP-
C/c-raf transgenic mice [23], whereas BAC is the subject of our present work on 
SP-C/c-myc transgenic mice. 1M: tumor bearing mice, aged 1 month; 12M: 12 
months; 3M: 3 months; 14M: 14 months; C: exclusively expressed in control mice; 
T: exclusively expressed in tumor bearing mice; -: protein not detected; ↔: no 
regulation/no fold-change; ↑: ≤ 1.5 fold-change; ↑↑: ≤ 3.0 fold-change; ↑↑↑: > 3.0 
fold-change; ↓: ≥ 0.7 fold-change; ↓↓: ≥ 0.3 fold-change ; ↓↓↓: < 0.3 fold-change. 
APP: acute phase protein; E-Box: containing 5’-CACGTG-3’ consensus sequence in 
promoter region. 
 
Supplementary Table 1: 
 
A summary of serum proteins from SP-C/c-myc transgenic mice. The Mascot score 
(PMF), ions score (PFF), the number of identified peptides, their sequence, the 
protein coverage of the best hits and supporting information are shown for each 
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1 A1AG8_MUSCR P21352 Orosomucoid-8 5.6 23.9 7% 1 PFF 
2 A1AT1_MOUSE P07758 Alpha-1-antitrypsin 1-1 5.4 46.0 26% 10 PMF 






4, 4-B, 4-C, 4-D A2MG_MOUSE Q61838 Alpha-2-macroglobulin 6.2 165.9 1% 1 PFF 
5 ACTG_MOUSE P63260 Gamma-actin 5.3 41.8 31% 9 PMF 
6 AFAM_MOUSE O89020 Afamin 5.5 69.4 22% 14 PMF 






8 ANT3_MOUSE P32261 Antithrombin-III 6.1 52.0 33% 13 PMF 






10 APOA4_MOUSE P06728 Apolipoprotein A-IV 5.4 45.0 64% 21 PMF 
11 APOC3_MOUSE P33622 Apolipoprotein C-III 4.6 11.0 19% 1 PFF 






13, 13-B APOH_MOUSE Q01339 Apolipoprotein H 8.6 38.6 49% 15 PMF 
14 CFAB_MOUSE P04186 Complement factor B 7.2 85.0 18% 12 PMF 
15 CFAH_MOUSE P06909 Complement factor H 6.6 139.1 13% 16 PFF 
16 CLUS_MOUSE Q06890 Clusterin (Apolipoprotein J) 5.5 51.7 12% 4 PMF 
17 CO3_MOUSE P01027 Complement C3 6.4 186.5 8% 10 PMF 
18 CRP_MOUSE P14847 C-reactive protein 5.8 25.4 15% 4 PMF 
19 FETUA_MOUSE P29699 Fetuin-A 6.0 37.3 28% 7 PMF 
20 GELS_MOUSE P13020 Gelsolin 5.8 85.9 31% 19 PMF 
21 GPX3_MOUSE P46412 Glutathione peroxidase 3 8.3 25.3 7% 1 PFF 
22 HA10_MOUSE P01898 H-2 class I histocompatibility antigen, Q10 alpha chain 5.1 37.3 31% 10 PMF 
23 HBA_MOUSE P01942 Hemoglobin subunit alpha 8.0 15.1 37% 5 PMF 






25 IGJ_MOUSE P01592 Immunglobulin J chain 4.8 18.0 28% 6 PMF 
26 K2C8_MOUSE P11679 Cytokeratin-8 5.7 54.6 35% 17 PMF 
27 KAC_MOUSE P01837 Immunglobulin kappa chain C region 5.2 11.8 32% 4 PMF 






29 KV3B_MOUSE P01655 Immunglobulin kappa chain V-III region PC 7132 5.2 12.1 16% 1 PFF 






31 KV6K_MOUSE P04945 Immunglobulin kappa chain V-VI region NQ2-6.1 9.0 11.7 14% 1 PFF 






33 MUC_MOUSE P01872 Immunglobulin mu chain C region secreted form 6.6 50.0 2% 1 PFF 
34 MUP2_MOUSE P11589 Major urinary protein 2 5.0 20.7 50% 10 PMF 
35 MUP8_MOUSE P04938 Major urinary proteins 11 and 8 4.9 17.6 72% 10 PMF 
36 MYH9_MOUSE Q8VDD5 Myosin-9 5.5 226.4 5% 8 PMF 
37 PLF4_MOUSE Q9Z126 Platelet factor 4 9.4 11.2 44% 7 PMF 
38 PLMN_MOUSE P20918 Plasminogen 6.2 90.8 25% 21 PMF 
39 PROP_MOUSE P11680 Properdin 8.3 50.3 21% 8 PMF 






41 SAMP_MOUSE P12246 Serum amyloid P-component 6.0 26.2 8% 1 PFF 
42 SPA3K_MOUSE P07759 Contrapsin 5.1 46.9 32% 14 PMF 
43 TRFE_MOUSE Q921I1 Serotransferrin 6.9 76.7 51% 36 PMF 


















         









Tumor  (3  mo n th s )  C o nt ro l  (3  mo n th s )  
No. pH Protein ID 
T1 T2 T3 T4 T5 T6 mean %RSD 
 




1 pH 3-10 A1AG8_MUSCR 3856 4255 4040 4232 3453 4196 4005 7.72  2221 1994 1914 2772 2273 1948 2187 14.73 1.8 1.63 x 10-06 
                      
4-B pH 3-10 A2MG_MOUSE 2064 2195 2205 2278 2128 2146 2169 3.4  794 627 837 990 784 846 813 14.43 2.7 3.62 x 10-10 
                      
9 pH 3-10 APOA1_MOUSE 8228 7526 7911 7777 8011 7826 7880 2.99  4729 4474 4085 4775 4105 4264 4405 6.88 1.8 7.80 x 10-10 
                      
11 pH 3-10 APOC3_MOUSE 1765 1697 1841 1763 1780 795 1606 24.93  815 898 809 758 845 97 704 42.76 2.3 0,00130 
                      
12 pH 3-10 APOE_MOUSE 2144 2075 2021 2264 1886 2221 2102 6.6  1714 1782 1730 1916 1765 1827 1789 4.12 1.2 0,00064 
                      
21 pH 3-10 GPX3_MOUSE 439 421 403 474 435 418 432 5.67  242 253 247 269 255 251 253 3.61 1.7 1.19 x 10-08 
                      
40 pH 3-10 RETBP_MOUSE 993 995 997 1107 1067 967 1021 5.27  407 417 426 408 494 418 428 7.65 2.4 5.33 x 10-10 
                      
41 pH 3-10 SAMP_MOUSE 178 103 12 4 4 3 50 145.76  9 18 9 14 5 3 10 57.44 5.2 0,20532 
                      
44 pH 3-10 TTHY_MOUSE 3568 3654 3629 3693 3690 3542 3629 1.73  2352 2533 2400 2329 2343 2305 2377 3.47 1.5 4.59 x 10-11 
 








Tumo r  (1 4  month s )  C ont r o l  ( 1 4  mon th s ) 
No. pH Protein ID 
T1 T2 T3 T4 T5 T6 mean %RSD 
 




1 pH 4-7 A1AG8_MUSCR 1139 1003 1123 998 1217 867 1058 11.88  425 398 401 414 502 387 421 9.91 2.5 3.50 x 10-07 
1 pH 3-10 A1AG8_MUSCR 834 745 769 895 744 867 809 8.07  780 637 545 715 679 552 651 14.20 1.2 6.64 x 10-03 
                      
2 pH 4-7 A1AT1_MOUSE 474 456 494 485 541 391 473 10.39  400 384 482 314 391 327 383 15.65 1.2 1.73 x 10-02 
2 pH 3-10 A1AT1_MOUSE 518 616 549 863 636 663 641 18.99  498 344 475 555 475 562 485 16.26 1.3 2.49 x 10-02 
                      
3-A pH 4-7 A1AT6_MOUSE 781 848 891 899 884 916 870 5.61  630 686 752 618 812 711 702 10.51 1.2 8.90 x 10-04 
3-B pH 4-7 A1AT6_MOUSE 450 546 502 446 680 486 518 16.82  349 354 306 359 410 484 377 16.46 1.4 8.85 x 10-03 
3-A/B pH 3-10 A1AT6_MOUSE 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 
                      
4-B pH 4-7 A2MG_MOUSE 5588 5789 4708 5609 5332 6008 5506 8.19  867 935 766 790 846 910 852 7.74 6.5 2.39 x 10-10 
4-B pH 3-10 A2MG_MOUSE 6773 6059 6128 6592 5845 6307 6284 5.52  4176 4044 4087 4153 4900 3793 4192 8.89 1.5 1.51 x 10-06 
                      
9 pH 4-7 APOA1_MOUSE 5423 5219 4868 5172 4972 5267 5154 3.93  3490 4036 3362 3379 4004 3313 3597 9.25 1.4 1.93 x 10-06 
9 pH 3-10 APOA1_MOUSE 5952 4324 6205 5549 5869 7721 5937 18.47  1603 1725 2017 2471 2260 2495 2095 18.04 2.8 1.04 x 10-05 
                      
11 pH 4-7 APOC3_MOUSE 3433 3693 3472 3132 3217 3552 3417 6.02  1313 1342 1236 1511 1189 1096 1281 11.17 2.7 1.57 x 10-09 
11 pH 3-10 APOC3_MOUSE 3682 3357 3318 3716 3217 3885 3529 7.57  2372 1630 1749 2522 2131 2018 2070 16.71 1.7 9.73 x 10-06 
                      
12 pH 4-7 APOE_MOUSE 2502 2139 2619 2204 2553 2267 2381 8.48  2478 2312 2823 2908 3116 2935 2762 11.02 0.9 2.85 x 10-02 
12 pH 3-10 APOE_MOUSE 1857 1727 1294 1657 1553 1834 1654 12.65  2993 2207 2688 2876 2598 2978 2723 10.95 0.6 2.95 x 10-05 
                      
13 pH 4-7 APOH_MOUSE 2377 2773 2292 2783 2365 2131 2454 10.85  1525 1330 1774 2073 2020 1947 1778 16.66 1.4 1.97 x 10-03 
13 pH 3-10 APOH_MOUSE 1148 1281 1269 1724 1247 1410 1347 15.08  845 752 809 898 749 683 790 9.75 1.7 9.11 x 10-05 
                      
21 pH 4-7 GPX3_MOUSE 520 339 547 506 358 541 469 20.13  165 124 179 232 229 147 179 24.35 2.6 4.66 x 10-05 
21 pH 3-10 GPX3_MOUSE 189 223 240 233 213 290 231 14.62  19 20 15 20 25 30 22 24.39 10.8 3.45 x 10-08 
                      
39 pH 4-7 PROP_MOUSE 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 
39 pH 3-10 PROP_MOUSE 284 311 304 248 240 240 271 12.02  228 156 182 139 217 187 185 18.42 1.5 1.16 x 10-03 
                      
40 pH 4-7 RETBP_MOUSE 1244 1185 1534 1450 1225 1442 1347 10.83  429 466 555 716 521 546 539 18.44 2.5 5.52 x 10-07 
40 pH 3-10 RETBP_MOUSE 407 320 537 402 367 427 410 17.74  66 106 87 63 94 74 82 20.67 5.0 8.00 x 10-07 
                      
41 pH 4-7 SAMP_MOUSE 638 1271 1350 724 523 1496 1000 41.86  0 0 0 0 0 0 0 0 T 1.61 x 10-04 
41 pH 3-10 SAMP_MOUSE 411 967 750 901 501 800 722 30.64  0 0 0 0 0 0 0 0 T 1.19 x 10-05 
                      
44 pH 4-7 TTHY_MOUSE 9952 9049 9204 8992 9869 10721 9631 7.01  8045 7835 6190 9258 5998 5384 7118 20.91 1.4 3.68 x 10-03 
44 pH 3-10 TTHY_MOUSE 9569 10047 8934 8170 8330 9154 9034 7.95  6148 6432 6932 6738 6676 6095 6504 5.18 1.4 1.44 x 10-05 









 Protein ID Protein name AAH  BAC  APP  E-Box 
   
1M 12M  3M 14M     
            
A1AT6_MOUSE Alpha-1-antitrypsin 1-6 ↑ ↑↑↑  ↔ ↑  yes  yes 
A2MG_MOUSE Alpha-2-macroglobulin (A2M) ↓ ↑↑  ↑↑ ↑↑↑  yes  yes 
TTHY_MOUSE Transthyretin ↑ ↓↓↓  ↑ ↑  yes  no 
common 
PROP_MOUSE Properdin - C  ↔ ↑  no  no 
            
            
A1AG8_MUSCR Orosomucoid-8 ↔ ↔  ↑↑ ↑↑  yes  yes 
A1AT1_MOUSE Alpha-1-antitrypsin 1-1 - -  - ↑  yes  yes 
APOA1_MOUSE Apolipoprotein A-I ↔ ↔  ↑↑ ↑↑  no  no 
APOC3_MOUSE Apolipoprotein C-III ↔ ↔  ↑↑ ↑↑  no  no 
APOE_MOUSE Apolipoprotein E ↔ ↔  ↑ ↓↓  no  yes 
APOH_MOUSE Apolipoprotein H ↔ ↔  ↔ ↑↑  no  no 
GPX3_MOUSE Glutathione peroxidase 3 ↔ ↔  ↑↑ ↑↑↑  no  yes 
RETBP_MOUSE Plasma retinol-binding protein ↔ ↔  ↑↑ ↑↑↑  yes  no 
SAMP_MOUSE Serum amyloid P-component - -  ↑↑↑ T  yes  no 
MUP8_MOUSE Major urinary proteins (MUP) ↑↑↑ ↑↑↑  ↔ ↔  no  no 
VTDB_MOUSE Vitamin D-binding protein ↓ ↑↑  ↔ ↔  no  no 
S6A11_MOUSE Sodium- and chloride-
dependent GABA transporter 4 
- ↑↑↑  ↔ -  no  no 
specific 
EGFR_MOUSE Epidermal growth factor 
receptor (EGFR) 
- C  - -  no  no 









Supplementary Table 1: 







Mascot score (PMF) 
No. of matched peptides 
Percentual coverage 
Peptide sequences from PMF Ions score (PFF) 
No. of matched peptides 
Percentual coverage 
Peptide sequences from PFF Gene Subcellular 
location 












2 A1AT1_MOUSE P07758 Alpha-1-antitrypsin 1-1 [Precursor] 
Serine protease inhibitor 1-1 




















3 A1AT6_MOUSE P81105 Alpha-1-antitrypsin 1-6 [Precursor] 
Serine protease inhibitor 1-6 
























4 A2MG_MOUSE Q61838 Alpha-2-macroglobulin [Precursor] 
Alpha-2-M 
Pregnancy zone protein 

















DLYANTVLSGGTTMYPGIADR + O@M 
- - Actg1 
Actg 
Cytoplasma 
6 AFAM_MOUSE O89020 Afamin [Precursor] 
Alpha-albumin 














VYMDFLEDCCSR + O@M 




- - Afm Secreted 












































9 APOA1_MOUSE Q00623 Apolipoprotein A-I [Precursor] 
Apo-AI 






















VAPLGAELQESAR Apoa1 Secreted 










TVEPMGEMFNK + O@M 
QLEQQVEEFR 
NLAPLVEDVQSK 
TVEPMGEMFNK + 2 O@M 




LNHQMEGLAFQMK + 2 O@M 
TDVTQQLSTLFQDK 
LNHQMEGLAFQMKK + 2 O@M 
LVPFVVQLSGHLAKETER 
QQLGPNSGEVESHLSFLEK 
MMPHANKVTQTFGENMQK + 3 O@M 
LQEHLKPYAVDLQDQINTQTQEMK + O@M 
GSPDQPQALPLPEQAQEQAQEQAQEQVQPKPLES 
KGSPDQPQALPLPEQAQEQAQEQAQEQVQPKPLES 
- - Apoa4 Secreted 
11 APOC3_MOUSE P33622 Apolipoprotein C-III [Precursor] 
Apo-CIII 
ApoC-III 
- - 128 
1 
19 
TVQDALSSVQESDIAVVAR Apoc3 Secreted 
12 APOE_MOUSE P08226 Apolipoprotein E [Precursor] 


















SKMEEQTQQIR + O@M 
GWFEPIVEDMHR 
GWFEPIVEDMHR + O@M 
ELEEQLGPVAEETR 
NEVHTMLGQSTEEIR 




ELEEQLGPVAEETR Apoe Secreted 












































































SCDMPVFENSITKNTR + O@M 
YRVGDLLEFSCHSGHR 
- - Cfh 
Hf1 
Secreted 
16 CLUS_MOUSE Q06890 Clusterin [Precursor] 

























LLDDFDEYTMTIQQVIK + O@M 
IILQGSPVVQMAEDAVDGER 
VDVPAADLSDQVPDTDSETR 
IILQGSPVVQMAEDAVDGER + O@M 
VFSLAANLIAIDSHVLCGAVK 
QPSSAYAAFNNRPPSTWLTAYVVK 
- - C3 Secreted 






LLWCLLIMISFSR + O@M 
- - Crp 
Ptx1 
Secreted 








VGQPGAAGPVSPMCPGR + O@M 




- - Ahsg 
Fetua 
Secreted 
20 GELS_MOUSE P13020 Gelsolin [Precursor] 
Actin-depolymerizing factor 
ADF 




















VSNGAGSMSVSLVADENPFAQGALR + O@M 
FDLVPVPPNLYGDFFTGDAYVILK 
VPVDPATYGQFYGGDSYIILYNYR 











Plasma glutathione peroxidase 
GSHPx-P 
- - 40 
1 
7 
YVRPGGGFVPNFQLFEK Gpx3 Secreted 
 













- - H2-Q10 Membrane 
23 HBA_MOUSE P01942 Hemoglobin subunit alpha 









IGGHGAEYGAEALERMFASFPTTK + O@M 
- - Hba 
Hba-a1 
Extracellular 























25 IGJ_MOUSE P01592 Ig J chain 89 
6 
28 




CYTTMVPLRYHGETK + O@M 
IIPSTEDPNEDIVERNIR 
- - Igj  


















TKTEISEMNR + O@M 
AQYEDIANRSR 
SLDMDGIIAEVR + O@M 
ASLEAAIADAEQR 
SRAEAETMYQIK + O@M 
LESGMQNMSIHTK + 2 O@M 
DVDEAYMNKVELESR + O@M 
ELQSQISDTSVVLSMDNSR + O@M 
- - Krt8 
Krt2-8 
 







- -   




















29 KV3B_MOUSE P01655 Ig kappa chain V-III region PC 7132 - - 109 
1 
16 
DIVLTQSPASLAVSLGQR   











LLIYYTSR   
31 KV6K_MOUSE P04945 Ig kappa chain V-VI region NQ2-6.1 - - 115 
1 
14 
LLIYDTSNLASGVPVR   
 





32 MBL2_MOUSE P41317 Mannose-binding protein C [Precursor] 
MBP-C 
Mannan-binding protein 













ALCSEFQGSVATPR Mbl2 Rough endoplasmic 
reticulum membrane; 
Peripheral membrane 
protein; Lumenal side. Golgi 
apparatus membrane; 
Peripheral membrane 
protein; Lumenal side 
33 MUC_MOUSE P01872 Ig mu chain C region secreted form - - 54 
1 
2 
HPPAVYLLPPAR Igh-6 Secreted 















- - Mup2 Secreted 
35 MUP8_MOUSE P04938 Major urinary proteins 11 and 8 [Fragment]  









DGETFQLMGLYGR + O@M 
INGEWHTIILASDKR 
TDYDNFLMAHLINEK + O@M 
LFLEQIHVLENSLVLK 
AGEYSVTYDGFNTFTIPK 
- - Mup8 
Mup11 
Secreted 
36 MYH9_MOUSE Q8VDD5 Myosin-9  
Myosin heavy chain 9 
Myosin heavy chain, nonmuscle IIa 
Nonmuscle myosin heavy chain IIa 
NMMHC II-a 
NMMHC-IIA 
Cellular myosin heavy chain, type A 













- - Myh9  













- - Pf4 Secreted 






















VIPACLPSPNYMVADR + O@M 
TAVTAAGTPCQGWAAQEPHR 
SFQYHSKEQQCVIMAENSK + O@M 
QLAAGGVSDCLAKCEGETDFVCR 
- - Plg Secreted 






MSINCEGTPGQQSR + O@M 
LRMSINCEGTPGQQSR + O@M 
HGGPFCAGDATRNQMCNK + O@M 
CGGHCPGEAQQSQACDTQK 
SCSAPAPSHQPPGKPCSGPAYEHK 


















LQNLDGTCADSYSFVFSR Rbp4 Secreted 
41 SAMP_MOUSE P12246 Serum amyloid P-component [Precursor] 
SAP 



















GKTMEEILEGLK + O@M 
MQQVEASLQPETLR 
MQQVEASLQPETLR + O@M 










































YLGAEYMQSVGNMR + 2 O@M 
KPVDQYEDCYLAR 









- - Tf 
Trf 
Secreted 













TLGISPFHEFADVVFTANDSGHR Ttr Secreted 




















VPTANLENVLPLAEDFTEILSR Gc Secreted 


















CLAYGFYPQR Azgp1 Secreted 
 







Search for novel serum biomarkers of dysplasia in a transgenic 
mouse model of lung cancer 
 
Running title: Serum proteomics of lung dysplasia 
 
Submitted for publication, 2009 
 
Bijon Chatterji †‡, Jürgen Borlak †‡ 
 
† Department of Molecular Medicine and Medical Biotechnology, Fraunhofer 
Institute of Toxicology and Experimental Medicine (ITEM), Hannover, Germany 






Prof. Dr. J. Borlak 
Department of Molecular Medicine and Medical Biotechnology 
Fraunhofer Institute of Toxicology and Experimental Medicine (ITEM) 
Nikolai-Fuchs-Strasse 1 











2-DE, two-dimensional gel-electrophoresis; A2M, α-2-macroglobulin; AAH, atypical adenomatous 
hyperplasia; AAT, α-1-antitrypsin; ApoA1, apolipoprotein A-I; ApoA4, apolipoprotein A-IV; ApoC3, 
apolipoprotein C-III; ApoE, apolipoprotein E; ApoH, apolipoprotein H; ApoM, apolipoprotein M; APP, 
acute phase protein; a-raf, serine-threonine kinase of the Raf family; BAC, bronchiolo-alveolar 
carcinoma; CCB, colloidal Coomassie blue; c-myc, v-myc avian myelocytomatosis viral oncogene 
homolog; c-raf, serine-threonine kinase of the Raf family; EGF, epidermal growth factor; EGFR, 
epidermal growth factor receptor; ERK, extracellular signal-regulated kinase; GPX3, glutathione 
peroxidase 3; GSN, gelsolin; IEF, isoelectric focusing; IPG, immobilized pH gradient; MALDI-TOF, 
matrix-assisted laser desorption/ionization-time of flight; MAPK, mitogen-activated protein kinase; MUP, 
major urinary protein; NSCLC, non-small cell lung carcinoma; PLG, Plasminogen; RETBP, plasma retinol 
binding protein; RTK, receptor tyrosine kinase; SAP, serum amyloid P component;  SP-C, surfactant 
protein-C; TTHY, transthyretin; VPS28, vacuolar protein sorting-associated protein 28 homologue; 
VTDB, vitamin D binding protein 







Aberrant signaling of the epidermal growth factor (EGF) receptor tyrosine kinase is 
frequently observed in lung cancer. We therefore developed a transgenic mouse 
model with targeted overexpression of EGF to respiratory epithelium. As evidenced 
by histopathology, disease bearing mice developed dysplasia and subsequently 
bronchiolo-alveolar carcinomas. Based on two-dimensional gel-electrophoresis we 
compared the serum proteomes of diseased mice with wildtype animals. Three pH 
ranges, 3-10, 4-7 and 5-8 were applied for isoelectric focusing, followed by SDS-
PAGE. In total, sixty eight unique serum proteins were identified by matrix-assisted 
laser desorption/ionization-time of flight-mass spectrometry, of which thirteen 
proteins were statistically significantly regulated (p<0.05). Notably, while EGF and 
amphiregulin were exclusively expressed in disease bearing animals, expression of 
α-2-macroglobulin, apolipoprotein A-I, fetuin B, gelsolin, vacuolar protein sorting 
associated protein 28 homologue and vitamin D binding protein was specifically 
increased; in contrast, expression of apolipoprotein A-IV, apolipoprotein M, 
apolipoprotein H, a-raf, glutathione peroxidase 3, plasminogen and transthyretin 
was repressed in transgenic mice with dysplasia. Furthermore, apolipoprotein A-I, 
A-IV and ApoM were significantly downregulated while α-2-macroglobulin and 
glutathione peroxidase 3 were upregulated (p<0.05) in lung tumour bearing mice. 
Regulation of selected proteins was also confirmed by Western blotting. Finally, we 
compared the serum proteome of three different transgenic lung cancer disease 
models and identified α-2-macroglobulin and transthyretin as commonly 
regulated. Taken collectively, we identified several serum biomarker candidates 
that enabled detection of dysplasia prior to malignant transformation. 







The epidermal growth factor (EGF) is a ligand of the EGF receptor tyrosine kinase 
(RTK), and this protein displays mitogenic activity in vivo and in vitro. In many 
tumours EGFR is overexpressed to result in aberrant signaling [1]. Next to EGF, 
amphiregulin, epiregulin and TGFα bind to and activate this membrane-bound 
RTK. Upon ligand activation, the EGFR becomes internalized whereby the 
intracellular domain undergoes multiple rounds of phosphorylation [2]. Recently, 
we and others identified a soluble form of the EGFR in serum of lung tumour 
bearing mice [3, 4]. While overexpression of constitutively activated EGFR resulted 
in dysregulation of this RTK it provided an autocrine loop to promote mitogenic 
signaling thereby fostering cell cycle progression [5]. An oncogenic signaling of 
EGFR was already demonstrated for hepatocellular carcinomas [6-8]. In this regard 
it is of considerable importance that EGFR and other RTK connect to other 
signaling pathways, such as the MAPK/ERK signal transduction pathway to 
promote malignant transformation [9]. There is evidence for selective 
phosphorylations of individual tyrosine residues to enable specific signaling 
cascades. For instance, phosphorylation of the EGFR tyrosine residue Tyr992 
connects EGF to the MAPK pathway [10-12]. To better understand aberrant EGF 
signaling in malignancies our laboratory generated a transgenic mouse model 
where overexpression of the secretable EGF (IgEGF) was achieved by use of a gene 
construct that contained regulatory sequences of the surfactant protein C (SP-C) 
promoter. Activation of this promoter is restricted to alveolar epithelium and 
transgenic mice developed dysplasia in lung [13, 14]. Notably, while atypical 
adenomatous hyperplasias (AAH) represent a preneoplastic state of carcinomas 
[15], there is a link between AAH and lung cancer. Indeed, dysplasia display 
nuclear atypia, which, however, has not yet progressed to the point of malignant 
transformation and invasive growth [16]. Dysplastic cells are facultative cancers 
and thus represent a developmental stage of cellular dedifferentiation with high 
risk for malignant transformation. Because exaggerated activity of the EGF RTK is 
considered to be a disease causing mechanism of lung cancer, we wished to 
identify serum biomarkers of disease that would allow prediction and monitoring 





of patients at risk for developing lung cancer. Likely identifying individuals at risk 
of developing cancer would reduce significantly the morbidity associated with lung 
cancer [17]. Here we report our efforts to study the serum proteome of SP-C/IgEGF 
transgenic mice and suggest candidate biomarkers for AAH. 
 
 
2 Materials and methods 
 
2.1 Animal care 
 
Transgenic disease bearing mice and wildtype age matched mice without 
neoplastic formation of the lung that served as controls were bred in the 
hemizygous CD2F1 and kept in the C57BL/6 as described previously [13]. Animals 
were housed in Makrolon type III cages. Drinking water and food (V1124-000, 
SSNIFF, Holland) was given ad libitum. Temperature and relative humidity were 22 





Tissues were fixed in 4% buffered formaldehyde in PBS for approximately 20 h, 
dehydrated and embedded in paraffin (Roti-PlastTM, Roth). Tissue captions were 
obtained with a microtome and stained with hematoxylin and eosin according to 
standard protocols. Neoplasias of the lung were classified according to standards 
of the IARC - WHO (2004). 
 
2.3 Preparation of serum samples 
 
Blood serum of transgenic SP-C/IgEGF mice with dysplasia of the lung (n=6, aged 
12-14 months), blood serum of transgenic SP-C/IgEGF lung tumor bearing mice 
(n=4, aged 18-20 months) and blood serum of wildtype mice (n=6, aged 14 
months and n=6, aged 18-20 months) were studied. For serum protein 





identification, mice were sacrificed with CO2 and blood from these two groups 
was taken from the vena cava. After clotting for 15 min at room temperature, the 
blood was centrifuged at 6000 rpm for 10 min. Hemolysis was not observed. The 
resultant supernatants were removed, frozen immediately in liquid nitrogen and 
stored at -80° C until further analysis. The protein concentration in serum 
determined by the Bradford test ranged from 80-90 µg/µL. 
 
2.4 Two-dimensional gel-electrophoresis 
 
2.4.1 First dimension 
 
Serum proteins were separated without any pre-treatment by isoelectric focusing 
(IEF). We used precast immobilized pH gradient (IPG) strips of pH 3-10 (non-linear 
gradient; 170x3x0.5 mm, BioRad) and overlapping ranges of pH 4-7, pH 5-8 (both 
linear gradient; 170x3x0.5 mm, BioRad). Each sample was analyzed in duplicate. 
1 mg was diluted in a lysis buffer containing 2 mol/L thiourea, 5 mol/L urea, 40 
mmol/L Tris, 4% CHAPS, 0.5% BioLyte 3-10 (BioRad), 100 mmol/L DTT resulting in 
a total volume of 350 µL per strip. Focused IPG strips were rehydrated at 50 V for 
12 h. IEF was performed at 20°C with a maximum voltage of 10 kV and a 
maximum current of 50 µA per strip. After IEF, IPG strips were equilibrated in 10 
mL reducing buffer (2% DTT in 10 mL equilibration buffer containing 6 mol/L urea, 
30% glycerin, 2% SDS, 0.05 mol/L Tris-HCl, pH 8.8 and 0.5% bromophenol blue) 
for 15 min, followed by equilibration in 10 mL alkylation buffer (4% 
iodoacetamide and 0.5% bromophenol blue in 10 mL equilibration buffer) for 15 
min. 
 
2.4.2 Second dimension 
 
SDS-PAGE was performed in a Protean-plus DodecaTM Cell (BioRad) using self-cast 
polyacrylamide gels (200 x 205 x 1.5 mm; 12%T). Gels were run in parallel in 
0.025 mol/L Tris/ 0.192 mol/L glycine/ 0.1% SDS cooled externally to 10° C with a 
constant voltage of 70 V for approximately 16 h, followed by 200 V until the 





bromophenol blue dye reached the bottom of the gel. Unstained protein standards 




2-D gels were fixed overnight in 500 mL 30% ethanol/ 2% phosphoric acid and 
washed twice for 30 min each in 500 mL 2% phosphoric acid. Equilibration was 
done in 500 mL 2% phosphoric acid/ 18% ethanol/ 15% ammonium sulfate for 
30 min thereafter. Colloidal Coomassie blue (CCB) staining of proteins was 
performed by addition of 5 mL staining solution (2% CBB G250, Roth) to 500 mL 
of equilibration solution. Gels were stained for 72 h and washed once with 500 




Gels were scanned as TIFF images with the 16-bit Expression 10000 XLTM (Epson) 
operating in transmitted light mode. PDQuest software (version 8.0.1.55, BioRad) 
was used for detection of spots, quantification and comparison of 2-D protein 
profiles. Background and vertical streaks were removed from each gel image; spots 
were digitized by Gaussian fit. To quantify protein spots, a matchset of all gels was 
made and the absorbance of individual protein spots from 2-D gels was measured. 
Total density in the gel image was used for normalization of spots. In this method, 
the raw quantity of each spot in a member gel is divided by the total intensity 
value of all the pixels in the image. This model assumes that the total density of an 
image (i.e. background density plus spot intensity) will be relatively consistent from 
gel to gel. Student’s t-test and Mann-Whitney Signed-Rank test were used for 
analysis of protein expression. A probability of p<0.05 was considered statistically 
significant. Differentially regulated spots were excised and transferred to 96-well 
microtiter plates (Thermo) by the EXQuestTM spot cutter (BioRad) for further 
identification by mass spectrometry. 
 





2.8 Matrix-assisted laser desorption/ionization-time of flight-mass 
spectrometry 
 
Each of the CBB-stained gel plugs was washed twice with 15 µL ammonium 
hydrogencarbonate solution (100 mmol/L) and then dehydrated twice with 15 µL 
acetonitrile (ACN). Proteins were digested with a total of 100 ng trypsin 
(sequencing grade, Promega) per gel plug at 37°C for 4 h. Resulting peptides were 
extracted with 1% trifluoroacetic acid (TFA) in an ultrasonic bath (Sonorex, Super 
RK 514 BH, Bandelin) for 5 min. 
 
1.5 µL of the peptide extracts were manually spotted onto a 600 µm/384 well 
AnchorChipTM sample target (Bruker Daltonics) and dried at room temperature. 
The MALDI target was covered with a thin layer of α-cyano-4-hydroxycinnamic 
acid (CHCA) matrix dissolved in 97% Acetone/ 3% TFA 0.1% to saturation. To 
enable MS/MS measurement matrix recristallization was performed with 0.8 µL of 
60% ethanol/ 30% acetone/ 10% TFA 1%. MALDI mass spectra were recorded 
using an Ultraflex II TOF/TOF mass spectrometer (Bruker Daltonics) equipped with a 
384-sample scout source. An external peptide calibration standard containing the 
following fragments was used to calibrate the instrument: angiotensin II ([M+H]+ 
1046.54); angiotensin I ([M+H]+ 1296.68); substance P ([M+H]+ 1347.74); 
bombesin ([M+H]+ 1619.82); ACTH clip 1–17 ([M+H]+ 2093.09); ACTH clip 18–39 
([M+H]+ 2465.20); somatostatin 28 ([M+H]+ 1347.47) (Bruker Daltonics). Mass 
spectra were acquired in an automatic mode using the AutoXecuteTM module of 
the FlexControlTM software (version 2.4, Bruker Daltonics) and using the three most 
abundant peptide signals of the corresponding peptide mass fingerprint (PMF) and 
peptide fragmentation fingerprint (PFF) spectrum. Spectra were analyzed using the 
FlexAnalysisTM software (version 2.4, Bruker Daltonics). The Swiss-Prot database 
employing the MASCOT program (version 2.0, Matrix Science, in-house server) 
was used for the search of peptide masses to identify proteins. Database searches 
were performed taking into account carbamidomethyl modification of cysteines 
and possible oxidation of methionine. One missed cleavage was allowed. A mass 
inaccuracy of ≤ 100 ppm was allowed for PMF. For PFF, a mass inaccuracy of ≤ 70 
ppm was allowed for peptide masses and their fragments, respectively. Identified 





proteins were sent to the ProteinscapeTM database (Protagen) and checked 
individually for further consideration. 
 
2.9 Western blotting 
 
Expression of selected proteins was further confirmed by Western blotting. Serum 
samples (50 µg) used for 2-DE were run on 12% or 15% gels by SDS-PAGE, 
blotted onto PVDF membranes and blocked with 10% RotiblockTM (Roth) in TBS 
for 1 hour at room temperature. Primary antibodies were diluted in TBS with 1% 
Rotiblock for 1h each. The membranes were incubated with goat anti-
amphiregulin (1:250, Santa Cruz, product no. sc-5797), rabbit anti-ApoA1 (1:200, 
Santa Cruz, product no. sc-30089), mouse anti-ApoM (1:200, BD Biosciences, 
product no. 612332), rabbit anti-A-raf (1:200, Santa Cruz, product no. 28772), 
rabbit anti-EGF (1:200, Calbiochem, product no. GF07L), goat anti-transthyretin 
(1:200, product no. sc-8104) and mouse anti-α-tubulin (1:200, product no. 
sc-58667). HRP-conjugated IgGs (1:10000, Chemicon) were used as secondary 
antibodies. Rat liver total extracts and HeLa total extracts were used as positive 
controls. α-tubulin was used as a loading control. Membranes were washed three 
times with TBS/0.1% Tween between each antibody incubation and detected with 




3 Results and Discussion 
 
3.1  Histopathology of the lung 
 
At early stages of disease the SP-C/IgEGF transgenic mice developed hyperplasia 
(Fig. 1b) and dysplasia (Fig. 1c) while at advanced stages adenocarcinomas could 
be identified (Fig. 1d and 1e). As evidenced by histopathology, the lung displayed 
multiple foci which were indicated by the increased cellularity in the alveoli. The 
alveoli exhibit a hyperplastic and dysplastic epithelium consisting of cuboidal cells 
lining the alveolar septae and ducts. 





3.2  Separation of serum proteins 
 
To extract proteins from mouse serum a thiourea-containing lysis buffer was used 
as recently reported. Analyzing the serum proteome is challenging due to 
interference by high-abundant proteins such as albumin, antitrypsin, transferrin 
and immunoglobulins. Pre-fractionation and depletion of these proteins is useful 
for proteome profiling, but may also introduce bias due to depletion of low-
abundant proteins [17]. Consequently, we did not pre-fractionate our protein 
extracts. Instead proteins were separated within the pH ranges 3-10, 4-7 and 5-8 
and visualized with the CCB stain. Approximately 450 (pH 3-10) and 250 (pH 4-7 
and 5-8) distinct spots per gel were detected, respectively. Fig. 2 depicts 
representative serum proteome maps of EGF transgenic mice. 
 
3.3 Identification of serum proteins 
 
Ninety-six 2-D gels were stained with the CCB method and studied by image 
analysis. Protein spots of representative gels were analyzed by MALDI-MS after 
tryptic in-gel digest. Identification of proteins was based on Swiss-Prot database 
entries with the MASCOT search engine. Overall, sixty eight serum proteins could 
be annotated (Tab. 1). In Supplementary Table 1 the MASCOT score, sequence 
coverage and the most informative peptide sequences identified by MS and 
MS/MS are listed. To the best of our knowledge, nine of the identified proteins 
have not been reported so far in mouse serum or plasma of healthy animals 
[18-20]. These proteins include the peroxisomal acyl-coenzyme A oxidase 3 (Swiss-
Prot ID Q9EPL9, spot no. 9), autoimmune regulator protein (Q9Z0E3, spot no. 12), 
carnithine palmitoyltransferase II (P52825, spot no. 28), heparin-binding growth 
factor (P15655, spot no. 31), Ig gamma-3 chain C region, secreted form (P22436, 
spot no. 32), Ig kappa chain V-III region PC 7132 (P01655, spot no. 44), myosin-14 
(Q6URW6, spot no. 51), tripartite motif-containing protein 30 (P15533, spot no. 
63) and vacuolar protein sorting-associated protein 28 homologue (Q9D1C8, spot 
no. 65). 
 





3.4 Regulation of serum proteins in an EGF transgenic disease model 
 
Tab. 2a-c report regulation of proteins when serum extracts of wildtype and 
disease bearing proteomes were compared. Prominent examples of regulated 
proteins are depicted in Fig. 3. Protein expression was confirmed by Western 
blotting (Fig. 4). A summary of regulated proteins at different pH ranges is given in 
Fig. 5a and 5b and significantly regulated proteins are discussed below for their 
disease association. 
 
3.4.1 Regulation of signaling molecules in lung dysplasia 
 
As shown in Tab. 1 and Fig. 3 we identified gelsolin (GSN, Swiss-Prot ID P13020, 
spot no. 34). This protein is an actin-binding protein and a key regulator of actin 
(Swiss-Prot ID P63260, spot no. 10) dynamics, i.e. filament assembly and 
disassembly. GSN is one of the most potent members of the gelsolin/villin 
superfamily. GSN has been located in cytosol and mitochondria but in plasma as 
well. Along with Arp3, cortactin, and Rho GTPases GSN plays a role in podosome 
formation [21]. Prior to cell death, mitochondria lose membrane potential and 
become more permeable. Normally, GSN inhibits the release of cytochrome C, 
blocking the signal amplification that would have led to apoptosis. Thus, GSN 
inhibits apoptosis by stabilizing the mitochondria [22]. An impairment of GSN has 
been shown to cause increased permeability of the vascular pulmonary barrier in 
mice, suggesting that GSN is important in the response to lung injury [23, 24]. The 
prognostic significance of GSN in NSCLC was shown by Yang and co-workers [25]. 
In our study GSN was significantly (p<0.05) upregulated, albeit by approximately 
2-fold in mice with dysplasia. 
 
We also identified fetuin B (Swiss-Prot ID Q9QXC1, spot no. 30) as regulated. 
Notably, fetuins, which are part of the cystatin superfamily, have been implicated 
in several functions, i.e. osteogenesis and bone resorption, regulation of the insulin 
and hepatocyte growth factor receptors. In an effort to identify hepatic genes 
preferentially expressed during acute inflammation, Olivier and co-workers 





identified rat hepatic fetuin B to be repressed [26]. Furthermore, the 382-amino 
acid human fetuin B protein shares >60% sequence and structural similarity with 
fetuin A. Overexpression of fetuin B in skin squamous carcinoma cells led to 
suppression of tumour growth in nude mice [27]. Here we report fetuin B to be 
marginally, but statistically significantly (p<0.05) upregulated in mice with 
dysplasia of the lung. 
 
Another signaling protein with marginal upregulation at early stages of disease, 
but with >3-fold overexpression in tumour bearing mice (p<0.05) was alpha-2 
macroglobulin (Swiss-Prot ID Q61838, A2M, spot no. 8-A and 8-B). This protein 
is a known proteinase inhibitor and positive acute phase reactant which acts as an 
inhibitor of coagulation by inhibiting thrombin and as an inhibitor of fibrinolysis by 
inhibiting Plasmin. A2M was overexpressed in the serum of c-raf and c-myc 
transgenic mice that developed atypical adenomatous hyperplasias (AAH) and 
bronchiolo-alveolar carcinomas (BAC), respectively. We thus propose this protein 
as a candidate biomarker for the early detection and monitoring of lung cancer 
[3, 28]. 
 
As reported in Tab. 2a we identified a-raf (ARAF, Swiss-Prot ID P04627, spot no. 
21) as regulated. This protein is a member of the RAF serine/threonine kinase 
family. Specifically, the RAF family of genes encode cytoplasmic protein 
serine/threonine kinases that play a critical role in cell growth and development 
[29]. RAF kinases are key molecules for the mitogenic signal transduction pathway 
and connect receptor tyrosine kinases through MEK and ERK with nuclear 
transcription factors. There is evidence for the serine/threonine kinases of the RAF 
family to be regulated in lung cancer when overexpressed or mutated [30]. 
However, here we show the ARAF kinase to be downregulated by about 2-fold 
(p<0.05) in transgenic mice with lung dysplasia by 2-DE (Fig. 3) and Western 
blotting (Fig. 4). Although in the mouse ARAF is predominantly expressed in 
urogenital tissues, it was suggested that in the absence of ARAF, the caveolar coat 
is less stable or inefficiently assembled [31]. These observations revealed new 
insights into caveolae trafficking and suggested that the dynamic properties of 
caveolae and their transport competence are regulated by different kinases 





operating at several levels. 
We also observed regulation of plasminogen (PLG, Swiss-Prot ID P20918, spot 
no. 54), a circulating zymogen that is converted to the active enzyme plasmin by 
cleavage of the peptide bond between the amino acids Arg560 and Val561. This 
reaction is mediated by the urokinase PLG activator (PLAU) and the tissue PLG 
activator (TPA, PLAT). Plasmin, like trypsin, belongs to the family of serine 
proteinases and mainly dissolves fibrin clots. The PLG activation system in lung 
cancer was described elsewhere [32] and substantial anti-proliferative and pro-
apoptotic effects of plasminogen in tumour cells were recently reported for a lung 
cancer model [33]. Note, PLG was significantly (p<0.05) downregulated by nearly 
2-fold in transgenic mice at early stages of tumourigenesis, but not regulated at 
late stages of disease. 
 
3.4.2 Regulation of transporters in lung dysplasia 
 
The vitamin D binding protein (VTDB, Swiss-Prot ID P21614, spot no. 66) was 
statistically significantly (p<0.05) upregulated in disease bearing mice with 
dysplasia of the respiratory epithelium. This multifunctional protein, also known as 
Gc globulin, is found in plasma, ascitic fluid, cerebrospinal fluid, urine and on the 
surface of many cell types. In plasma, VTDB carries the vitamin D sterols and 
prevents polymerization of actin (Swiss-Prot ID P63260, spot no. 10) by binding to 
its monomers. Overexpression of VTDB in breast cancer was reported elsewhere 
[34, 35]. Its regulation in lung cancer was described previously [3]. 
 
Additionally, we observed the vacuolar protein sorting-associated protein 28 
homologue (Vps28, spot no. 65) to be significantly upregulated by >5-fold 
(p<0.05) at early stages of cancer (12-14 months). Notably, the endosomal sorting 
complex required for transport (ESCRT) complexes are central to receptor 
downregulation and lysosome biogenesis. For instance, the yeast ESCRT-I complex 
contains the Vps23, Vps28, and Vps37 proteins, and its assembly is directed by the 
C-terminal steadiness box of Vps23, the N-terminal half of Vps28 and the C-
terminal half of Vps37 [36]. Previously, Olabisi and colleagues reported expression 





of the aberrant protein Bcr in patients with chronic myelogenous leukemia (CML). 
Bcr was shown to play an important role in cellular trafficking of the EGFR while 
Vps28 was found to interact with Bcr [37]. So far, little is known about Vps28 and 
its regulation in lung cancer. Here we propose Vps28 as a diagnostic marker for 
lung dysplasia. 
 
Furthermore, we identified the negative acute phase protein transthyretin (TTHY, 
Swiss-Prot ID P07309, spot no. 64) to be highly significantly repressed by >19-fold 
(p<0.05) in disease bearing mice with lung dysplasia. This finding was further 
validated by Western blotting (Fig. 4). Specifically, TTHY carries thyroid hormones 
from blood to tissues and interacts with the plasma retinol binding protein (RETBP, 
Swiss-Prot ID Q00724, spot no. 56) to enable transportation of retinol [38]. Lower 
levels of RETBP are observed if TTHY expression is decreased as demonstrated in a 
recent serum proteomic study of liver and lung cancer [39]. Likewise, expression of 
RETBP was marginally, but not significantly reduced in mice with dysplasia (data 
not shown). Being a negative acute phase reactant, but induced in tumour bearing 
mice makes RETBP a likely candidate biomarker of disease and has been shown to 
be regulated in c-myc transgenic lung tumour mice as well. In the past we 
observed regulation of TTHY in lung cancer upon targeted activation of c-myc and 
c-raf [3, 28]. In clinical studies TTHY was also proposed as a serum biomarker for 
the diagnosis of lung cancer [40-42]. 
 
3.4.3 Regulation of apolipoproteins in lung dysplasia 
 
The pulmonary surfactant is a surface-active lipoprotein complex formed by 
alveolar type II cells (AT-II). The surfactant comprising proteins and lipids have both 
a hydrophilic and a hydrophobic region. By adsorption to the air-water interface of 
alveoli with the hydrophilic headgroups in the water and the hydrophobic tails 
facing towards the air, the main lipid component of surfactant, 
dipalmitoylphosphatidylcholine (DPPC), reduces surface tension [43]. Lung 
surfactant contains >90% lipids, such as DPPC, whereas the remaining 10% of 
surfactant are proteins, such as the surfactant protein C (SP-C). An increase of 
SP-C levels in the lung of tumour bearing mice has been reported elsewhere [44]. 





Notably, apolipoproteins are proteins that bind to lipids and form particles, which 
transport lipids from the intestine to the liver and from the liver to tissues, 
including adipocytes, heart, muscle, breast and lung tissues. Apolipoproteins also 
serve as enzyme co-factors, lipid transfer carriers and receptor ligands that regulate 
the metabolism of lipoproteins and their uptake in tissues. For instance, the low 
density lipoprotein receptor-related protein 1 (LRP1), i.e. a cellular membrane 
receptor of the low density lipoprotein (LDL) receptor family, is a multiligand 
receptor with important signaling function [45]. Apolipoprotein E (Swiss-Prot ID 
P08226, spot no. 18) interacts with LRP1 to mediate uptake of chylomicron 
remnants into the liver. There is evidence for regulation of apolipoproteins in a 
large number of malignancies, such as lung cancer. 
 
In particular, we observed expression of the apolipoprotein A-I (ApoA1, Swiss-Prot 
ID Q00623, spot no. 15), apolipoprotein A-IV (ApoA4, Swiss-Prot ID P06728, spot 
no. 16), apolipoprotein H (ApoH, Swiss-Prot ID Q01339, spot no. 19) and 
apolipoprotein M (ApoM, Swiss-Prot ID Q9Z1R3, spot no. 20) to be significantly 
regulated in disease bearing mice. 
 
Specifically, ApoA1 belongs to the ApoA1/A4/E protein family and is primarily 
produced in the liver and the intestine. ApoA1 can be found in the extracellular 
space and takes part in cholesterol absorption. Particularly, the ATP-binding 
cassette transporter A1 (ABCA1) has been found to efflux cholesterol indirectly to 
ApoA1 in plasma membranes [46]. By quantitative proteomic approaches 
regulation of ApoA1 in association with lung cancer was reported [44, 47] and 
induction of ApoA1 supports its use as a serum marker for the early detection of 
brain metastases in lung cancer patients [48]. Here we report ApoA1 expression to 
be significantly induced by nearly 6-fold at early stages, but reduced by >3-fold 
(p<0.05) at late stages of lung cancer. 
 
ApoA4 may play a role in secretion and catabolism of very low density lipoproteins 
(VLDL). ApoA4 is required for efficient activation of lipoprotein lipase by 
apolipoprotein C-II and is a potent activator of the lecithin-cholesterin 
acyltransferase (LCAT) [49]. Furthermore, ApoA4 is a major component of high 





density lipoprotein (HDL) and chylomicron and was found to be upregulated in 
pancreatic cancer [50]. Based on two-dimensional fluorescence difference gel-
electrophoresis (2-D DIGE) ApoA4 expression was found to be increased in serum 
of patients with squamous cell carcinoma of the lung [51]. ApoA4 was, however, 
downregulated by nearly 2-fold  and >1.2-fold (p<0.05) in EGF transgenic mice 
with dysplasia and lung tumours, respectively. 
 
ApoH, also known as beta-2 glycoprotein-1 was repressed in transgenic mice at 
early stages of disease. This protein binds to various kinds of negatively charged 
substances such as heparin, phospholipids and dextran sulfate. Through binding to 
phospholipids on the surface of damaged cells, ApoH may inhibit activation of the 
intrinsic blood coagulation cascade [52]. ApoH is synthesized in the liver and 
secreted into plasma. As reported by others, ApoH induction may be involved in 
blocking angiogenic processes in bladder cancer [53, 54]. In our recent study on c-
myc lung tumour bearing mice we proposed ApoH as a candidate biomarker [28]. 
ApoH regulation in serum of transgenic mice at late stages of disease remained 
unchanged when compared to control mice. 
 
A further protein of considerable interest is ApoM, i.e. a 26-kDa protein expressed 
mainly in the liver and kidneys [55]. It is predominantly found as a part of HDL 
particle and belongs to the lipocalin superfamily. Substantially decreased ApoM 
levels in ApoA1-deficient mice suggest a connection between ApoM and ApoA1 
metabolism [56]. Recently, upregulation of ApoM was reported in serum of 
patients with hepatocellular carcinoma (HCC) [57] and in serum of transgenic mice 
with HCC [8]. To the best of our knowledge, regulation of ApoM is a novel finding 
in terms of lung neoplasias and we found this lipoprotein to be significantly 
(p<0.05) downregulated by >6-fold and >2-fold in serum of disease bearing mice 
at early and late stages of disease, respectively. 
 





3.4.4 Serum markers of aberrant EGF activity 
 
Recently, our laboratory reported mapping of the serum proteome of 
hepatocellular carcinoma (HCC) induced by targeted overexpression of EGF to liver 
cells of transgenic mice [8]. We now compared the results from the present study 
with previous findings in an EGF liver cancer model and identified four proteins in 
common, i.e. A2M, ApoA1, ApoM and GPX3. Notably, in both transgenic disease 
models, serum EGF levels were increased. It is of considerable importance that Xu 
and colleagues reported repressed ApoM mRNA levels in HepG2 cells upon 
treatment with TGF-α, HNF and EGF, respectively [58]. In another clinical study 
lower levels of ApoA1 were observed upon high serum levels of EGF [59]. Thus, 
these proteins may serve as candidate markers of disease linked to aberrant EGFR 
activity. 
 
3.4.5 Expression of disease regulated proteins in three different 
transgenic disease models of lung cancer 
 
Previously, we reported expression of regulated proteins in the serum of different 
transgenic mouse models of lung cancer. Comparison of regulated proteins from 
EGF transgenic mice with those of c-raf and c-myc [3, 28] confirmed regulation of 
A2M and TTHY to be in common. Additionally, ApoA1, ApoH and glutathione 
peroxidase 3 (GPX3, spot no. 35) were commonly regulated in c-myc and EGF 
transgenic mice, while α-1 antitrypsin and properdin were in common for c-raf and 
c-myc tumour bearing mice. In particular, GPX3 is a protector of cells and enzymes 
from oxidative damage, by catalyzing the reduction of hydrogen peroxide, lipid 
peroxides and organic hydroperoxide, by glutathione. We previously reported 
increased expression of GPX3 in c-myc lung tumour bearing mice, while 
upregulation of GPX3 was observed in ovarian cancer and NSCLC [60, 61]. These 
findings make this protein a likely candidate biomarker of lung cancer. 
 
Finally, VTDB was similarly in c-raf and EGF disease bearing mice (Fig. 6). These 
findings are encouraging and evidence broad use of the proposed serum 





biomarkers in disease models of aberrant c-raf, c-myc and EGFR tyrosine kinase 
(Swiss-Prot ID Q01279, spot no. 29) activity all of which play essential roles in lung 
cancer [62, 63]. Furthermore, amphiregulin and epiregulin activate EGFR and are 
often regulated in lung tumours [64, 65]. Exclusive expression of amphiregulin and 
EGF was confirmed in diseased animals as evidenced by Western immunoblotting 
(Fig. 4), whereas epiregulin was not detected in serum. Notably, an anti-apoptotic 
effect of amphiregulin in lung cancer and liver injury has been reported [66, 67]. 
Serum levels of soluble EGFR and EGF as markers for NSCLC were also proposed 
by Lemos-González et al. [68]. 
 





4 Concluding remarks 
 
Based on our previous studies on the SP-C/IgEGF transgenic mouse model [13, 14] 
we report disease regulated serum proteins, that function as transporters, 
signaling molecules and apolipoproteins and are associated with distinct neoplastic 
changes of the respiratory epithelium at early and later stages of lung cancer. As 
shown by histopathology transgenic mice developed dysplastic changes of the 
respiratory epithelium followed by lung tumors at late stages. We compared the 
serum proteome map established herein with those previously published [3, 28]. 
Some of the identified regulated proteins are known as acute phase reactants 
(APP), of which α-2 macroglobulin (positive APP) and transthyretin (negative APP) 
are prominent examples and fit best with studies by others and our own findings 
[8, 39]. Regulation of the apolipoproteins A1, A4, H and M is an important finding 
with apolipoprotein A1 and H being reported as upregulated in human lung 
cancer [47, 48, 53]. We suggest ApoM as a diagnostic marker for lung neoplasias 
at early and late stages of disease. Its regulation correlates well with other human 
malignancies [57]. While gelsolin, plasminogen and vitamin D binding protein are 
known to be regulated in bronchiolo-alveolar malignancies [25, 33], regulation of 
fetuin B was shown to be differentially expressed in skin squamous carcinoma [27]. 
Downregulation of a-raf and upregulation of Vps28 are novel in terms of early 
stages of lung cancer, e.g. atypical adenomatous hyperplasia. Recently, Gesner et 
al. observed increased expression of glutathione peroxidase in NSCLC patients 
[61]. Regulation of GPX3 in our present study correlates well with our previous 
findings in c-myc transgenic mice and makes this protein a likely candidate 
biomarker of disease. Furthermore, we view EGF and amphiregulin as particularly 
relevant for the detection of early stages of disease. A comparison of EGF disease 
bearing mice with c-raf and c-myc transgenic animals, all of which developed 
different types of lung cancer, identified common regulation of α-2 macroglobulin 
and transthyretin. Taken collectively, our EGF disease model enabled identification 
of serum biomarker candidates of dysplasia in response to aberrant EGFR activity 
[69]. The identified proteins warrant in depth clinical evaluation for the early 
detection of human lung malignancies. 









(a) Histology of lung with thin alveolar septae in healthy non-transgenic mice. (b) 
Lung of a SP-C/IgEGF transgenic mouse with multifocal hyperplasia of the 
respiratory epithelium, indicated by an increased alveolar cellularity. (c) Alveolar 




Representative 2-DE maps displaying the serum proteome of SP-C/IgEGF 




Examples of regulated serum proteins in SP-C/IgEGF transgenic and wildtype aged 
matched control mice. Representative gels from each group are shown. Protein 




Western immunoblotting of amphiregulin, apolipoprotein A-I, apolipoprotein M, 
a-raf and transthyretin in serum of EGF transgenic mice compared to wildtype 
control mice. EGF and amphiregulin were exclusively expressed in transgenic 
animals. α-tubulin was used as a loading control. N.D.: positive control was not 
detected, but no other protein band except that of transthyretin (55 kDa) was 
detected. A part of the image with protein bands of interest cropped and marked 
by molecular weights is shown. 
 







Fold-changes of disease regulated proteins in serum of EGF transgenic mice, aged 
12-14 months, with dysplasia of the lung compared to control samples without 
neoplasias of the lung. Three pH ranges, i.e. 3-10, 4-7 and 5-8 were applied to 2-





Fold-changes of disease regulated proteins in serum of EGF transgenic mice with 
lung tumours, aged 18-20 months, compared to control samples without 




Comparison of regulated serum proteins from three transgenic mouse models with 
targeted overexpression of c-raf, c-myc and EGF, respectively, to bronchiolo-
alveolar epithelium by use of the surfactant protein-C (SP-C) promoter. All models 
developed malignant transformation of alveolar type II cells. A (c-raf transgenic 
mouse model): AAT 1-3, EGFR, Ig γ-2B chain C region, α-globin, Ig J chain, Ig κ 
chain C region, Ig κ chain V-III region MOPC 70, MUP2, MUP8, sodium- and 
chloride-dependent GABA transporter 3; B (c-myc transgenic mouse model): 
orosomucoid 8, AAT 1-1, ApoC3, ApoE, RETBP, SAP; C (EGF transgenic mouse 
model): ApoA4, ApoM, a-raf, fetuin B, GSN, PLG, VPS28; AB: AAT 1-6, properdin; 
AC: VTDB, BC: ApoA1, ApoH, GPX3; ABC: A2M, TTHY. 
 
 









Protein identification in 2-DE maps of mouse serum proteins in SP-C/IgEGF 
transgenic mice. A total of sixty eight proteins were identified by MALDI-MS. See 
Supplementary Table 1 for detailed information. 
 
Table 2a and 2b: 
  
Expression profiles of significantly regulated proteins from 2-D gels at pH 3-10, 4-7 
and 5-8. Quantification of protein abundance was analyzed using the PDQuest 2-D 
software (BioRad) by measurement of the normalized OD (arbitrary units) of each 
protein spot. The change in abundance of the proteins is expressed by the 
calculated ratio (T/C) between mean values of spot volumes from transgenic (T) 
over that from healthy control (C) samples. Student’s t-test and Mann-Whitney 
Signed-Rank tests were used for calculation of p-values, while p<0.05 was 
considered statistically significant. %RSD: percentual relative standard deviation. 





Overview of representative protein regulations (fold-changes) in EGF transgenic 
mice with lung dysplasia and lung cancer. ↑: up-regulation, ↓: down-regulation, 
↔: no regulation, N.D.: spot not detected/not quantifiable 
 





Supplementary table 1: 
 
Serum proteins of SP-C/IgEGF transgenic mice. The MASCOT score (PMF), ions 
score (PFF), the number of identified peptides, their sequence, the sequence 
coverage of the best hits and supporting information are shown for each identified 
protein. Mr and pI are based on the theoretical values of the precursor. The value 
from one typical spot was given if many spots were assigned as one number 
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No. Protein-ID Swiss-Prot 
Accession # 
Protein name 
    
1 A1AG8_MUSCR P21352 Orosomucoid-8 
2 A1AT2_MOUSE P22599 Alpha-1-antitrypsin 1-2 
3 A1AT3_MOUSE Q00896 Alpha-1-antitrypsin 1-3 
4 A1AT4_MOUSE Q00897 Alpha-1-antitrypsin 1-4 
5 A1AT5_MOUSE Q00898 Alpha-1-antitrypsin 1-5 
6 A1AT6_MOUSE P81105 Alpha-1-antitrypsin 1-6 









9 ACOX3_MOUSE Q9EPL9 Acyl-coenzyme A oxidase 3, peroxisomal 
10 ACTG_MOUSE P63260 Actin, cytoplasmic 2 (gamma-actin) 
11 AFAM_MOUSE O89020 Afamin 
12 AIRE_MOUSE Q9Z0E3 Autoimmune regulator 
13 ALBU_MOUSE P07724 Serum albumin 
14 ANT3_MOUSE P32261 Antithrombin-III 
15 APOA1_MOUSE Q00623 Apolipoprotein A-I 
16 APOA4_MOUSE P06728 Apolipoprotein A-IV 
17 APOC3_MOUSE P33622 Apolipoprotein C-III 









20 APOM_MOUSE Q9Z1R3 Apolipoprotein M 
21 ARAF_MOUSE P04627 A-Raf proto-oncogene serine/threonine-protein kinase 
22 CFAB_MOUSE P04186 Complement factor B 
23 CFAH_MOUSE P06909 Complement factor H 
24 CFAI_MOUSE Q61129 Complement factor I 
25 CO3_MOUSE P01027 Complement C3 
26 CO9_MOUSE P06683 Complement component C9 
27 COKA1_MOUSE Q923P0 Collagen alpha-1(XX) chain 
28 CPT2_MOUSE P52825 Carnitine palmitoyltransferase II 
29 EGFR_MOUSE Q01279 Epidermal growth factor receptor 
30 FETUB_MOUSE Q9QXC1 Fetuin-B 
31 FGF2_MOUSE P15655 Heparin-binding growth factor 2 
32 GC3_MOUSE P22436 Immunglobulin gamma-3 chain C region, secreted form 
33 GCB_MOUSE P01866 Immunglobulin gamma-2B chain C region secreted form 
34 GELS_MOUSE P13020 Gelsolin 
35 GPX3_MOUSE P46412 Glutathione peroxidase 3 
36 HA10_MOUSE P01898 H-2 class I histocompatibility antigen, Q10 alpha chain  
37 HBA_MOUSE P01942 Alpha-globin 
38 HBB1_MOUSE P02088 Beta-1-globin 
39 HEMO_MOUSE Q91X72 Hemopexin 
40 IGHG1_MOUSE P01868 Immunglobulin gamma-1 chain C region secreted form 
41 IGJ_MOUSE P01592 Immunglobulin J chain 
42 KAC_MOUSE P01837 Immunglobulin kappa chain C region 
43 KNG1_MOUSE O08677 Kininogen-1 
44 KV3B_MOUSE P01655 Immunglobulin kappa chain V-III region PC 7132 
45 KV5L_MOUSE P01645 Immunglobulin kappa chain V-V region HP 93G7 
46 KV6K_MOUSE P04945 Immunglobulin kappa chain V-VI region NQ2-6.1 
47 MUC_MOUSE P01872 Immunglobulin mu chain C region secreted form 
48 MUG1_MOUSE P28665 Murinoglobin-1 
49 MUP2_MOUSE P11589 Major urinary protein 2 
50 MUP8_MOUSE P04938 Major urinary proteins 11 and 8 
51 MYH14_MOUSE Q6URW6 Myosin-14 
52 NAL10_MOUSE Q8CCN1 NACHT, LRR and PYD domains-containing protein 10 
53 PEDF_MOUSE P97298 Pigment epithelium-derived factor 
54 PLMN_MOUSE P20918 Plasminogen 
55 PPCKC_MOUSE Q9Z2V4 Phosphoenolpyruvate carboxylase 
56 RETBP_MOUSE Q00724 Plasma retinol-binding protein 
57 SAA4_MOUSE P31532 Serum amyloid A-4 protein 
58 SPA3K_MOUSE P07759 Contrapsin 
59 TETN_MOUSE P43025 Tetranectin 
60 THRB_MOUSE P19221 Prothrombin 
61 TLN1_MOUSE P26039 Talin-1 
62 TRFE_MOUSE Q921I1 Serotransferrin 
63 TRI30_MOUSE P15533 Tripartite motif-containing protein 30 
64 TTHY_MOUSE P07309 Transthyretin (Prealbumin) 
65 VPS28_MOUSE Q9D1C8 Vacuolar protein sorting-associated protein 28 homolog 
66 VTDB_MOUSE P21614 Vitamin D-binding protein 
67 VTNC_MOUSE P29788 Vitronectin 
68 ZA2G_MOUSE Q64726 Zinc-alpha-2-glycoprotein 
    
 







No. pH Protein ID 
T1 T2 T3 T4 T5 T6 mean %RSD 
 




                      
8-A pH 3-10 A2MG_MOUSE 2980 2514 3039 4099 2714 2556 2984 19.68  2249 2112 1916 2681 2501 1529 2165 19.11 1.4 0.01901 
8-A pH 4-7 A2MG_MOUSE 5837 5403 5757 6051 5662 5461 5695 4.25  4992 3813 4337 5272 5939 4714 4844 15.28 1.2 0.02326 
8-A pH 5-8 A2MG_MOUSE 5397 4307 5576 4692 5918 4581 5078 12.59  3353 3274 3617 2628 3047 3166 3181 10.45 1.6 0.00007 
8-B pH 3-10 A2MG_MOUSE 3021 2986 4833 4145 3544 3274 3634 19.96  2867 2394 2996 2567 2853 1879 2593 15.95 1.4 0.01217 
8-B pH 4-7 A2MG_MOUSE 4341 4550 5360 6081 6023 6671 5504 16.75  5374 4938 4475 4708 3064 5239 4633 18.06 1.2 0.11718 
8-B pH 5-8 A2MG_MOUSE 4785 5961 3506 3733 4565 3926 4413 20.47  4053 3172 2744 1947 3452 3727 3182 23.71 1.4 0.02836 
                      
15 pH 3-10 APOA1_MOUSE 1793 1007 1004 1486 4107 3492 2148 61.82  1054 414 1161 583 459 999 778 42.38 2.8 0.03414 
15 pH 4-7 APOA1_MOUSE 2363 2670 2725 2449 2516 2076 2467 9.49  1663 2065 1238 2407 1274 2172 1803 27.03 1.4 0.01325 
15 pH 5-8 APOA1_MOUSE 2503 1439 2103 1057 3037 3006 817 37.28  449 485 589 246 390 203 394 37.26 5.6 0.00035 
                      
16 pH 3-10 APOA4_MOUSE 1488 874 2036 1768 1497 1478 1524 25.39  2402 2079 3036 2866 2243 3007 2606 15.96 0.6 0.00089 
16 pH 4-7 APOA4_MOUSE 2425 2123 2040 2526 2846 2646 2434 12.66  2823 2602 2600 2859 2405 2094 2564 11.07 0.9 0.46633 
16 pH 5-8 APOA4_MOUSE 2285 2026 1984 1701 2168 1618 1964 13.24  2264 2588 2628 3007 2303 2544 2556 10.49 0.8 0.00305 
                      
19 pH 3-10 APOH_MOUSE 821 950 1049 794 919 1004 923 10.86  1461 788 1715 817 1526 1784 1349 32.57 0.7 0.04320 
19 pH 4-7 APOH_MOUSE 1284 1662 1056 1201 1647 709 1260 28.85  2295 1712 1847 1890 1311 1567 1770 18.76 0.7 0.02936 
19 pH 5-8 APOH_MOUSE 807 453 782 814 966 701 754 22.63  956 919 615 362 1031 898 797 32.10 0.9 0.73822 
                      
20 pH 3-10 APOM_MOUSE 160 102 224 155 432 219 215 53.59  431 508 1582 2321 1882 1222 1324 56.96 0.2 0.00519 
20 pH 4-7 APOM_MOUSE 344 263 262 341 259 311 297 13.64  307 349 414 400 496 362 388 16.80 0.8 0.01526 
20 pH 5-8 APOM_MOUSE 138 127 155 179 223 252 179 27.72  208 240 209 249 242 241 232 7.88 0.8 0.03515 
                      
21 pH 3-10 ARAF_MOUSE 904 1302 1638 1204 1632 1503 1364 20.93  3280 2011 1525 3333 1343 2876 2395 36.91 0.6 0.02161 
21 pH 4-7 ARAF_MOUSE 2153 2207 3012 2630 2973 3275 2708 16.92  3539 2749 3364 2483 2450 3190 2963 15.71 0.9 0.36259 
21 pH 5-8 ARAF_MOUSE 2162 2164 1985 2367 2131 2654 2244 10.48  2603 3572 2830 2646 2975 3709 3056 15.52 0.7 0.00373 
                      
30 pH 3-10 FETUB_MOUSE 407 365 370 334 582 286 391 26.14  437 174 337 305 283 154 282 37.45 1.4 0.09898 
30 pH 4-7 FETUB_MOUSE 611 588 636 637 558 555 598 6.08  544 423 470 405 512 633 498 16.93 1.2 0.02353 
30 pH 5-8 FETUB_MOUSE 569 516 444 490 453 432 484 10.73  447 410 413 431 408 479 431 6.44 1.1 0.05312 
                      
34 pH 3-10 GELS_MOUSE 2133 1705 590 956 727 1413 1254 47.96  772 374 1024 725 575 504 662 34.60 1.9 0.04804 
34 pH 4-7 GELS_MOUSE 1140 1181 986 1299 1541 1152 1216 15.44  755 953 783 804 847 669 802 11.85 1.5 0.00070 
34 pH 5-8 GELS_MOUSE 703 766 745 561 522 823 687 17.40  410 638 433 374 465 348 445 23.30 1.5 0.00378 
                      
35 pH 3-10 GPX3_MOUSE 457 159 206 272 147 86 221 59.36  327 317 838 1221 751 419 646 55.41 0.3 0.02124 
35 pH 4-7 GPX3_MOUSE 867 372 461 431 339 268 456 46.59  420 182 227 500 537 526 399 39.19 1.1 0.60568 
35 pH 5-8 GPX3_MOUSE 709 248 298 289 243 183 328 58.13  227 267 269 186 301 365 269 22.97 1.2 0.48609 
                      
54 pH 3-10 PLMN_MOUSE 574 372 728 474 497 521 528 22.48  1131 558 479 758 817 964 785 31.15 0.7 0.04309 
54 pH 4-7 PLMN_MOUSE 695 421 573 666 523 296 529 28.55  1090 1506 1826 1330 1350 905 1334 24.06 0.4 0.00024 
54 pH 5-8 PLMN_MOUSE 172 163 201 117 73 69 132 41.50  177 250 136 252 253 470 256 44.96 0.5 0.03864 
                      
64 pH 3-10 TTHY_MOUSE 75 372 33 28 110 29 108 123.76  1657 1022 1706 829 950 992 1193 32.25 0.1 0.00007 
64 pH 4-7 TTHY_MOUSE 319 409 247 386 495 487 391 24.64  405 605 587 478 709 471 543 20.49 0.7 0.02990 
64 pH 5-8 TTHY_MOUSE 55 18 240 297 519 303 239 76.89  4750 4759 6444 5860 4076 2356 4708 30.45 0.1 0.00002 
                      
65 pH 3-10 VPS28_MOUSE 1459 1787 1854 1334 1283 1317 1506 16.73  262 260 312 432 202 243 285 28.12 5.3 5.09E-07 
65 pH 4-7 VPS28_MOUSE 288 283 397 412 352 292 337 17.22  281 242 248 294 286 230 264 10.16 1.3 0.01816 
65 pH 5-8 VPS28_MOUSE 562 373 436 349 466 406 432 17.66  388 390 363 317 341 328 355 8.66 1.2 0.04417 
                      
66 pH 3-10 VTDB_MOUSE 4933 3755 7248 5305 3082 2322 4441 39.87  2442 2964 4542 3520 5883 1322 3446 46.61 1.3 0.33182 
66 pH 4-7 VTDB_MOUSE 6453 5409 6410 5686 6370 5706 6006 7.61  5056 5381 4905 5860 4733 4058 4999 12.19 1.2 0.00889 
66 pH 5-8 VTDB_MOUSE 6000 7108 6638 5759 6009 5289 6134 10.54  5788 6212 2937 4616 2855 2603 4169 38.22 1.5 0.01882 
 







TRANSGENIC  CONTROL   
No. Protein ID 




                   
8-A A2MG_MOUSE 1290 556 1155 784 946 35.6  160 406 147 137 415 421 281 51.94 3.4 0.00241 
8-B A2MG_MOUSE 2869 1603 3172 2241 2471 28.19  527 1282 280 253 1021 844 701 59.44 3.5 0.00094 
                   
15 APOA1_MOUSE 1234 1266 1250 1294 1261 2.03  4151 4053 4792 4079 4447 4746 4378 7.63 0.3 8.36E-08 
                   
16 APOA4_MOUSE 1340 1344 1266 1315 1316 2.73  1520 1735 1715 1477 1506 1877 1638 9.83 0.8 0.00480 
                   
19 APOH_MOUSE 969 787 636 872 816 17.3  1337 1318 142 979 861 310 825 60.93 1.0 0.97334 
                   
20 APOM_MOUSE 126 74 122 49 93 40.47  239 96 166 216 312 206 206 35.12 0.5 0.02167 
                   
21 ARAF_MOUSE 2676 4930 2116 1433 2789 54.34  1299 7361 2143 1873 3800 2183 3110 72.12 0.9 0.80997 
                   
30 FETUB_MOUSE 511 406 356 557 458 20.24  342 654 504 206 592 428 454 36.34 1.0 0.97334 
                   
35 GPX3_MOUSE 414 410 463 355 411 10.76  218 144 283 131 253 195 204 29.29 2.0 0.00037 
                   
64 TTHY_MOUSE 2845 3807 3258 2780 3173 14.91  3822 4897 2733 4051 2487 N.D. 3598 27.53 0.9 0.45943 
                   
65 VPS28_MOUSE 392 170 229 115 227 52.87  94 130 115 56 141 282 136 56.80 1.7 0.18181 
                   
66 VTDB_MOUSE 4049 3882 3372 3698 3750 7.73  3766 3792 3327 2709 3503 4552 3608 16.85 1.0 0.67885 
  
 







Protein Lung dysplasia Lung cancer 
   
α-2 macroglobulin 1.6 ↑ 3.5 ↑ 
Apolipoprotein A-I 5.6 ↑ 3.5 ↓ 
Apolipoprotein A-IV 1.7 ↓ 1.2 ↓ 
Apolipoprotein H 1.5 ↓ 1.0 ↔ 
Apolipoprotein M 6.2 ↓ 2.2 ↓ 
A-raf 1.8 ↓ 1.1 ↓ 
Fetuin B 1.4 ↑ 1.0 ↔ 
Gelsolin 1.9 ↑ N.D. 
Glutathione peroxidase 3 2.9 ↓ 2.0 ↑ 
Plasminogen 2.5 ↓ N.D. 
Transthyretin 19.7 ↓ 1.1 ↓ 
Vacuolar protein sorting-associated protein 28 homolog 5.3 ↑ 1.7 ↑ 
Vitamin D binding protein 1.5 ↑ 1.0 ↔ 
   
 
 





Supplementary Table 1: 
A summary of serum proteins from SP-C/IgEGF transgenic mice 
 
Swissprot ID Swissprot 
Accession 
no. 
Protein name and aliases Mascot score (PMF) 
No. of matched peptides 
Percentual coverage 
Peptide sequences from PMF Ions score (PFF) 
No. of matched peptides 
Percentual coverage 











- - 72 
1 
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Acute phase; Glycoprotein; Secreted; Signal 
A1AT2_MOUSE P22599 Alpha-1-antitrypsin 1-2 [Precursor] 
Serine protease inhibitor 1-2 

















AVLTIDETGTEAAAATVFEAVPMSMPPILR + 2 O@M 
SFQHLLQTLNRPDSELQLSTGNGLFVNNDLK 







Acute phase; Glycoprotein; Protease inhibitor; 
Secreted; Serine protease inhibitor; Signal 
A1AT3_MOUSE P07758 Alpha-1-antitrypsin 1-3 [Precursor] 
Serine protease inhibitor 1-3 
Alpha-1 protease inhibitor 3 
Alpha-1-antiproteinase 
AAT 





2405.1819   






Acute phase; Glycoprotein; Protease inhibitor; 
Secreted; Serine protease inhibitor; Signal 
A1AT4_MOUSE Q00897 Alpha-1-antitrypsin 1-4 [Precursor] 
Serine protease inhibitor 1-4 













TLMSPLGITRIFNNGADLSGITEENAPLK + O@M 
AVLTIDETGTEAAAATVLQVATYSMPPIVR + O@M 
SFQHLLQTLNRPDSELQLSTGNGLFVNNDLK 





Glycoprotein; Protease inhibitor; Secreted; 
Serine protease inhibitor; Signal 
A1AT5_MOUSE Q00898 Alpha-1-antitrypsin 1-5 [Precursor] 
Serine protease inhibitor 1-5 
Alpha-1 protease inhibitor 5 
Alpha-1-antiproteinase 
AAT 











Glycoprotein; Protease inhibitor; Secreted; 
Serine protease inhibitor; Signal 
A1AT6_MOUSE P81105 Alpha-1-antitrypsin 1-6 [Precursor] 
Serine protease inhibitor 1-6 
















TLMSPLGITRIFNNGADLSGITEENAPLK + O@M 
SFQHLLQTLNRPDSELQLSTGNGLFVNNDLK 




Glycoprotein; Protease inhibitor; Secreted; 
Serine protease inhibitor; Signal 












FTVSVDMMHAVSYPLR + O@M 
FTVSVDMMHAVSYPLR + 2 O@M 
WFLLEQPEIQVAHFPFK 
VLHMNTGSCLPHLLSHFYQNLGPGTIR 
VLHMNTGSCLPHLLSHFYQNLGPGTIR + O@M 
LHLQQQLDLVATLSQLGLQELFQGPDLR 




3D-structure; Acute phase; Direct protein 
sequencing; Glycoprotein; Protease inhibitor; 
Secreted; Serine protease inhibitor; Signal; 
Sulfation 
A2MG_MOUSE Q61838 Alpha-2-macroglobulin [Precursor] 
Alpha-2-M 
Pregnancy zone protein 











Bait region; Direct protein sequencing; 
Glycoprotein; Phosphoprotein; Protease 
inhibitor; Secreted; Serine protease inhibitor; 
Signal; Thioester bond 
 
ACOX3_MOUSE Q9EPL9 Peroxisomal acyl-coenzyme A oxidase 3 
EC 1.3.3.6 
Pristanoyl-CoA oxidase 
Branched-chain acyl-CoA oxidase 
BRCACox 
- - 29 
1 
1 
LAVSIAIR 842.4520 Acox3 79230 
7.04 
FAD; Fatty acid metabolism; Flavoprotein; Lipid 
metabolism; Oxidoreductase; Peroxisome 













Acetylation; ATP-binding; Cytoplasm; 
Cytoskeleton; Direct protein sequencing; 
Methylation; Nitration; Nucleotide-binding; 
Phosphoprotein; Structural protein 
AFAM_MOUSE O89020 Afamin [Precursor] 
Alpha-albumin 















DLTTLLEDVSSMYEGCCEGDVVHCIR + O@M 
- - - Afm 71529 
5.54 
Alternative splicing; Glycoprotein; Repeat; 
Secreted; Signal; Transport 
AIRE_MOUSE Q9Z0E3 Autoimmune regulator 
Synonyms Autoimmune polyendocrinopathy candidiasis 
ectodermal dystrophy protein homolog 









- - - Aire 60146 
8.43 
Alternative splicing; Cytoplasm; DNA-binding; 
Metal-binding; Nucleus; Phosphoprotein; 
Repeat; Transcription; Transcription regulation; 
Zinc; Zinc-finger 
























Cleavage on pair of basic residues; Copper; 
Direct protein sequencing; Lipid-binding; Metal-
binding; Phosphoprotein; Repeat; Secreted; 
Signal 


































Blood coagulation; Glycoprotein; Heparin-
binding; Protease inhibitor; Secreted; Serine 
protease inhibitor; Signal 
APOA1_MOUSE Q00623 Apolipoprotein A-I [Precursor] 
Apo-AI 






















VAPLGAELQESAR 1340.7090 Apoa1 30569 
5.64 
Cholesterol metabolism; HDL; Lipid metabolism; 
Lipid transport; Repeat; Secreted; Signal; Steroid 
metabolism; Transport 
 

























LVPFVVQLSGHLAKETER 2023.2430 Apoa4 45001 
5.41 
Chylomicron; HDL; Lipid transport; 
Polymorphism; Repeat; Secreted; Signal; 
Transport 
APOC3_MOUSE P33622 Apolipoprotein C-III [Precursor] 
Apo-CIII 
ApoC-III 
- - 128 
2 
27 






Chylomicron; Lipid degradation; Lipid transport; 
Secreted; Signal; Transport; VLDL 
APOE_MOUSE P08226 Apolipoprotein E [Precursor] 












SKMEEQTQQIR + O@M 
TANLGAGAAQPLRDR 
GWFEPIVEDMHR 
GWFEPIVEDMHR + O@M 
ELEEQLGPVAEETR 
NEVHTMLGQSTEEIR + O@M 




LQAEIFQAR 1075.5870 Apoe 35901 
5.56 
3D-structure; Chylomicron; Direct protein 
sequencing; HDL; Heparin-binding; Lipid 
transport; Repeat; Secreted; Signal; Transport; 
VLDL 

































Glycoprotein; Heparin-binding; Repeat; 
Secreted; Signal; Sushi 













HDL; Lipid transport; Secreted; Signal; Transport 
ARAF_MOUSE P04627 A-Raf proto-oncogene serine/threonine-protein kinase  
EC 2.7.11.1 
- - 32 
1 
1 





ATP-binding; Kinase; Metal-binding; Nucleotide-
binding; Phorbol-ester binding; Phosphoprotein; 
Proto-oncogene; Serine/threonine-protein 
kinase; Transferase; Zinc; Zinc-finger 















HVIIIMTDGLHNMGGNPVTVIQDIR + 2 O@M 
GGSFQLLQGGQALEYLCPSGFYPYPVQTR 
GHETCMGAVVSEYFVLTAAHCFMVDDQK + 2 O@M 





Cleavage on pair of basic residues; Complement 
alternate pathway; Glycoprotein; Hydrolase; 
Immune response; Innate immunity; Protease; 
Repeat; Secreted; Serine protease; Signal; Sushi; 
Zymogen 
 






























Complement alternate pathway; Glycoprotein; 
Immune response; Innate immunity; Repeat; 
Secreted; Signal; Sushi 
CFAI_MOUSE Q61129 Complement factor I [Precursor] 
EC 3.4.21.45 
C3B/C4B inactivator 
- - 36 
1 
1 




Cleavage on pair of basic residues; Complement 
pathway; Glycoprotein; Hydrolase; Immune 
response; Innate immunity; Protease; Repeat; 
Secreted; Serine protease; Signal 










VMQDFFIDLR + O@M 
AAVFNHFISDGVK 
IRYYTYLVMNK + O@M 
KVLMEGVRPSNADALVGK 
SELEEDIIPEEDIISR 
AGEYIEASYMNLQRPYTVAIAGYALALMNK + 2 O@M 
- - - C3 187904 
6.39 
Alternative initiation; Cleavage on pair of basic 
residues; Complement alternate pathway; 
Complement pathway; Direct protein 
sequencing; Glycoprotein; Immune response; 
Inflammatory response; Innate immunity; 
Phosphoprotein; Secreted; Signal; Thioester 
bond 








VAEESELGLTAGYGINILGMEPLR + O@M 
QGCEPTQECEEIQENCGNDFQCETGR 
- - - C9 63217 
5.56 
Complement alternate pathway; Complement 
pathway; Cytolysis; EGF-like domain; 
Glycoprotein; Immune response; Innate 
immunity; Membrane; Membrane attack 
complex; Secreted; Signal; Transmembrane 
COKA1_MOUSE Q923P0 Collagen alpha-1(XX) chain [Fragment] 64 
7 
13 
TGLQGPKGMR + O@M 






- - - Col20a1 81368 
9.0 
Alternative splicing; Collagen; Glycoprotein; 
Repeat; Secreted 
CPT2_MOUSE P52825 Carnitine O-palmitoyltransferase 2, 
 mitochondrial [Precursor] 
EC 2.3.1.21 









DSVVLNFNPFMAFNPDPK + O@M 




Acetylation; Acyltransferase; Fatty acid 
metabolism; Lipid metabolism; Membrane; 
Mitochondrion; Mitochondrion inner 
membrane; Transferase; Transit peptide; 
Transport 













FSNNPILCNMDTIQWR + O@M 
SPSDCCHNQCAAGCTGPR 
AVNHVCNPLCSSEGCWGPEPR 
- - - Egfr 138187 
6.46 
ATP-binding; Glycoprotein; Kinase; Membrane; 
Nucleotide-binding; Phosphoprotein; Receptor; 
Repeat; Signal; Transferase; Transmembrane; 
Tyrosine-protein kinase; Ubl conjugation 






DGYMLSLNR + O@M 
AMFHINKPR 
AMFHINKPR + O@M 
AMNQWVSGPAYYVEYLIK + O@M 
SQASCSLQHSDSEPVGICQGSTVQSSLR 
EHYQEDMGSLFYLTLDVLETDCHVLSR 
EHYQEDMGSLFYLTLDVLETDCHVLSR + O@M 
- - - Fetub 43541 
6.17 
Glycoprotein; Repeat; Secreted; Signal 
 





FGF2_MOUSE P15655 Heparin-binding growth factor 2 [Precursor] 
HBGF-2 







YLAMKEDGR + O@M 
NGGFFLRIHPDGR 
TGPGQKAILFLPMSAK + O@M 
MAASGITSLPALPEDGGAAFPPGHFK 
AASGITSLPALPEDGGAAFPPGHFKDPK 




Angiogenesis; Developmental protein; 
Differentiation; Growth factor; Heparin-binding; 
Mitogen 







VVSALPIQHQDWMR + O@M 
- - - - 36662 
8.53 
3D-structure; Alternative splicing; Cell 
membrane; Glycoprotein; Immunoglobulin C 
region; Immunoglobulin domain; Membrane; 
Secreted; Transmembrane 














APQVYILPPPAEQLSR 1778.9659 Igh-3 37244 
7.19 
3D-structure; Alternative splicing; Cell 
membrane; Glycoprotein; Immunoglobulin C 
region; Immunoglobulin domain; Membrane; 
Repeat; Secreted; Transmembrane 
GELS_MOUSE P13020 Gelsolin [Precursor] 
Actin-depolymerizing factor 
ADF 













EPAHLMSLFGGKPMIIYK + 2 O@M 
SQHVQVEEGSEPDAFWEALGGK 
VSNGAGSMSVSLVADENPFAQGALR 











3D-structure; Acetylation; Actin capping; Actin-
binding; Alternative initiation; Calcium; 
Cytoplasm; Cytoskeleton; Direct protein 
sequencing; Phosphoprotein; Repeat; Secreted; 
Signal 










FLVGPDGIPVMR + O@M 
NSCPPTAELLGSPGR 
YVRPGGGFVPNFQLFEK 
- - - Gpx3 25589 
8.26 
Oxidoreductase; Peroxidase; Secreted; Selenium; 
Selenocysteine; Signal 
HA10_MOUSE P01898 H-2 class I histocompatibility antigen, 



























Glycoprotein; Immune response; Membrane; 
MHC I; Signal; Transmembrane 
HBA_MOUSE P01942 Hemoglobin subunit alpha 
Hemoglobin alpha chain 
Alpha-globin 











Direct protein sequencing; Heme; Iron; Metal-
binding; Oxygen transport; Polymorphism; 
Transport 
HBB1_MOUSE P02088 Hemoglobin subunit beta-1 
Hemoglobin beta-1 chain 
Beta-1-globin 






LLGNMIVIVLGHHLGK + O@M 
VITAFNDGLNHLDSLK 
KVITAFNDGLNHLDSLK 








3D-structure; Direct protein sequencing; Heme; 
Iron; Metal-binding; Oxygen transport; 
Phosphoprotein; Polymorphism; Transport 
 






























Glycoprotein; Heme; Iron; Metal-binding; 
Repeat; Secreted; Signal; Transport 





SVSELPIMHQDWLNGK + O@M 
DDPEVQFSWFVDDVEVHTAQTQPR 




- - - - 36252 
7.23 
3D-structure; Alternative splicing; Direct protein 
sequencing; Glycoprotein; Immunoglobulin C 
region; Immunoglobulin domain; Secreted 





CYTTMVPLR + Oxidation (M) 
NFVYHLSDVCK 
IIPSTEDPNEDIVER 
- - - Igj 18458 
4.77 
Glycoprotein; Signal 






DSTYSMSSTLTLTKDEYER + O@M 
ADAAPTVSIFPPSSEQLTSGGASVVCFLNNFYPK 
- - - - 11942 
5.23 
3D-structure; Direct protein sequencing; 
Immunoglobulin C region; Immunoglobulin 
domain 






SGNQYMLHR + O@M 
TDGSPTFYSFK 


















Alternative splicing; Blood coagulation; 
Glycoprotein; Inflammatory response; Protease 
inhibitor; Repeat; Secreted; Signal; Thiol 
protease inhibitor; Vasoactive; Vasodilator 
KV3B_MOUSE P01655 Ig kappa chain V-III region PC 7132 - - 63 
1 
16 
DIVLTQSPASLAVSLGQR 1855.0270 - 12057 
4.6 
Direct protein sequencing; Immunoglobulin 
domain; Immunoglobulin V region 











LLIYYTSR 1028.5880 - 12017 
7.97 
3D-structure; Direct protein sequencing; 
Immunoglobulin domain; Immunoglobulin V 
region 
KV6K_MOUSE P04945 Ig kappa chain V-VI region NQ2-6.1 - - 130 
1 
14 
LLIYDTSNLASGVPVR 1717.9659 - 11820 
8.98 
Hybridoma; Immunoglobulin domain; 
Immunoglobulin V region 


























Alternative splicing; Direct protein sequencing; 
Glycoprotein; Immunoglobulin C region; 
Immunoglobulin domain; Secreted 
 




















AHFSVMGDILSSAIR + O@M 
EEHSFTVMEFVLPR 
EEHSFTVMEFVLPR + O@M 
VEFDLAFTPEISWSLR 
LPIICFDYGMVPISAPR 
LPIICFDYGMVPISAPR + O@M 
MLRPLNELLPLAYIEDPK + O@M 




Bait region; Direct protein sequencing; 
Glycoprotein; Protease inhibitor; Secreted; 
Serine protease inhibitor; Signal; Thioester bond 









DGETFQLMGLYGR + O@M 
INGEWHTIILASDKR 
- - - Mup2 20935 
5.04 
3D-structure; Pheromone-binding; Secreted; 
Signal; Transport 
MUP8_MOUSE P04938 Major urinary proteins 11 and 8 [Fragment]  









DGETFQLMGLYGR + O@M 
INGEWHTIILASDKR 
TDYDNFLMAHLINEK + O@M 
LFLEQIHVLENSLVLK 
AGEYSVTYDGFNTFTIPK 




Pheromone-binding; Secreted; Transport 
MYH14_MOUSE Q6URW6 Myosin-14 
Myosin heavy chain 14 
Myosin heavy chain, non-muscle IIc 








VTTEAKMK + O@M 
MNPPKFSK 











- - - Myh14 229359 
5.49 
Acetylation; Actin-binding; Alternative splicing; 
ATP-binding; Calmodulin-binding; Cell shape; 
Coiled coil; Motor protein; Myosin; Nucleotide-
binding; Phosphoprotein 
NAL10_MOUSE Q8CCN1 NACHT, LRR and PYD domains-containing protein 10 63 
7 
15 
LLLMATSSSGGR + O@M 
SRGAEEPAPGVR 
EHVRCLEER 




- - - Nalp10 77288 
6.18 
3D-structure; ATP-binding; Nucleotide-binding 
PEDF_MOUSE P97298 Pigment epithelium-derived factor [Precursor] 
PEDF 
Serpin-F1 

















Direct protein sequencing; Glycoprotein; 
Secreted; Signal 
 





















VIPACLPSPNYMVADR + O@M 
CTTPPPPPSPTYQCLK 













- - - Plg 93460 
6.21 
Blood coagulation; Cleavage on pair of basic 
residues; Direct protein sequencing; Fibrinolysis; 
Hydrolase; Kringle; Protease; Repeat; Secreted; 
Serine protease; Signal; Tissue remodeling; 
Zymogen 







TNLAMMNPSLPGWK + O@M 
DGKFLWPGFGENSR 
EIISFGSGYGGNSLLGKK 
VLEWMFGRIEGEDSAK + O@M 
YLAHWLSMAHRPAAKLPK 
IMTRMGISVLEALGDGEFIK + O@M 
GLGGVNVEELFGISKEFWEK 
VECVGDDIAWMKFDAQGNLR 
TNLAMMNPSLPGWKVECVGDDIAWMK + O@M 




Cytoplasm; Decarboxylase; Gluconeogenesis; 
GTP-binding; Lyase; Nucleotide-binding 
RETBP_MOUSE Q00724 Plasma retinol-binding protein [Precursor] 
PRBP 
RBP 









Retinol-binding; Secreted; Signal; Transport; 
Vitamin A 
SAA4_MOUSE P31532 Serum amyloid A-4 protein [Precursor] 














Acute phase; Amyloid; Direct protein 
sequencing; HDL; Secreted; Signal 


























Direct protein sequencing; Glycoprotein; 
Protease inhibitor; Secreted; Serine protease 
inhibitor; Signal 
TETN_MOUSE P43025 Tetranectin [Precursor] 
TN 
C-type lectin domain family 3 member B 









- - - Tna 22642 
5.5 
Lectin; Secreted; Signal 
THRB_MOUSE P19221 Prothrombin [Precursor] 
EC 3.4.21.5 



























3D-structure; Acute phase; Blood coagulation; 
Calcium; Cleavage on pair of basic residues; 
Gamma-carboxyglutamic acid; Glycoprotein; 
Hydrolase; Kringle; Protease; Repeat; Serine 
protease; Signal; Zymogen 
 





TLN1_MOUSE P26039 Talin-1 - - 29 
1 
1 




3D-structure; Cell membrane; Cell projection; 
Cytoplasm; Cytoskeleton; Membrane; 
Phosphoprotein; Structural protein 

























YLGAEYMQSVGNMR + O@M 





















Direct protein sequencing; Glycoprotein; Ion 
transport; Iron; Iron transport; Metal-binding; 
Methylation; Phosphoprotein; Repeat; Secreted; 
Signal; Transport 
TRI30_MOUSE P15533 Tripartite motif-containing protein 30 















3D-structure; Alternative splicing; DNA-binding; 
Metal-binding; Nucleus; Transcription; 
Transcription regulation; Zinc; Zinc-finger 
TTHY_MOUSE P07309 Transthyretin [Precursor] 
Prealbumin 









3D-structure; Glycoprotein; Hormone; Retinol-
binding; Secreted; Signal; Thyroid hormone; 
Transport; Vitamin A 
VPS28_MOUSE Q9D1C8 Vacuolar protein sorting-associated protein 28 homolog 







LEIRAMDEIQPDLR + O@M 
QVQGSEISSIDEFCRK 
YDNMAELFAVVKTMQALEK + 2 O@M 
AMDEIQPDLRELMETMHR + 2 O@M 
QTVSQWLQTLSGMSASDELDDSQVR 
FHGIPATPGVGAPGNKPELYEEVKLYK 
- - - Vps28 25721 
5.37 
Protein transport; Transport 



























VPTANLENVLPLAEDFTEILSR 2441.3169 Gc 55162 
5.39 
Actin-binding; Direct protein sequencing; 
Glycoprotein; Repeat; Secreted; Signal; 
Transport; Vitamin D 
VTNC_MOUSE P29788 Vitronectin [Precursor] 
Serum-spreading factor 
S-protein 









Cell adhesion; Direct protein sequencing; 
Glycoprotein; Heparin-binding; Phosphoprotein; 
Repeat; Secreted; Signal; Sulfation 












- - - Azgp1 35462 
5.83 
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